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Foreword 


Shields Warren. M.D. 


The dedication of this issue of the 


A. M. A. ARCHIVES O1 


memoration of the sixtieth birthday of a 


PATHOLOGY in com- 


physician and scientist who will stand as 
one of the great figures of pathology derives 
from the devotion of his graduate pupils, 
a group of outstanding pathologists who 
comprise the Shields Warren Club. The 
honor they have conferred upon a colleague 
of more than thirty years, to whom they 
have entrusted this introduction, gives me 
the opportunity to acknowledge that, in com- 
mon with colleagues throughout the world 
who did not have the privilege of training 
directly under him, |, too, am proud to claim 
Shields 


genuine has been his interest in the progress 


Warren as a_ teacher. For so 
of medicine everywhere, and so generous 
has he been in the sharing of his wisdom 
and that numbers of 
pathologists and scientists join with medical 


experience, large 
students and the fortunates of the “Club” 


who received their professional training 
under him in grateful acknowledgement to 
Dr. Warren, the teacher. All of these were 
joined by over seven hundred representatives 
of the medicine; 


worlds of education: 


science; the armed forces; the federal, 
state, and city governmental bodies; the 
Atomic Energy Commission; the National 
Institutes of Health, and the community 
as a whole in a gigantic sixtieth birthday 
party, unique in the history of Boston, What 


manner of man evoked such a response from 


Submitted for publication Aug. 28, 1958 


his community and his country and such 
warmth of regard from all over the world? 
Shields 


tinguished family to achieve leadership in 


Warren is the first in a dis- 
medicine and science. His father was a pro- 
fessor of philos yphy and dean of the College 
of Liberal Arts of Boston University, a 
school founded by Shields Warren's grand- 
father and now the largest institution of 
higher learning in New England. It 1s only 
still a 


astonishment to those who learn it for the 


fitting, therefore, but source of 
first time, that in addition to his enormous 
and varied responsibilities, Shields Warren 
is chairman of the board of trustees of 
Boston University. His deep interest in the 
elevation of standards of education there 
Was appropriately recognized in the creation, 
by his friends and admirers on his sixtieth 
birthday, of what is hoped will be a con- 
Fund at Boston 


University for the support of distinguished 


tinuing Shields Warren 
professorship bearing his name. 

Shields Warren grew up in New England, 
and, until World War II, centered his educa- 
tion, training, and profession in and around 
Boston. He demonstrated, early in his 
career, two sets of qualities which have char- 
acterized his entire personal and professional 
life. first with the 
attainment of what might be called inap- 


These were concerned 


parent leadership and, further, the choice 


always of creating something new—of 
pioneering, rather than seeking the com- 
fortable post already fully developed and 


circumscribed. He had demonstrated an ex- 
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traordinary ability to merge himself with 
his surroundings, provided these meet his 
always rigid standards, and so in attire, 
speech, and deportment, he at first does not 
stand out as a man apart from his fellows. 
He neither seeks attention nor exhibits un 
deserved interest in a member of a group. 
A first 


tentive, unobtrusive, somewhat Lincolnesque 


glance usually shows a quiet, at 
person, possessed of a shyness which ts ac 
centuated at times by a slight hesitation in 
speech. This disappears imperceptibly as he 
becomes more accustomed to his surround 
ings. Without abrupt change in manner 
after this preliminary impression, an in 


creasing warmth of human _ qualities, 


exuding a depth of integrity which com 


municates quickly an aura of confidence, 


draws strangers to him. Humility, absence 
of pretense, and objectivity in all matters 


His 


love of story-telling at appropriate moments 


except one characterize his behavior. 
is well known, and he is particularly expert 


in relating droll tales of the Cape Cod 


native. He is unable, however, to recognize 
that whenever he repeats a delightful tale 
heard elsewhere, no matter what the original 
dialect employed, the story comes out pure 
Cape Cod. 

The pioneering instincts of Shields War 
His 


early life is replete with examples of achieve 


ren characterize all of his endeavors. 


ment which make his subsequent career no 
surprise. This shy self-effacing person was 
always a leader and in a number of ap 


parently unrelated activities. This leadership 


has always been characterized by personal 
behavior and treatment of his fellows which, 
at the same time, disguised and emphasized 
his position of eminence in his many under 
takings. From early life he displayed the 
astonishing knack of remaining in the back 
ground while exerting his valuable influence, 
only to be drawn into the limelight by others 
in moments of crisis or in the natural de 
velopment of a project. 

Characteristic throughout his life has been 
the generous recognition, both publicly and 


in more personal ways, of the contributions 
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of his companions and assistants. His suc- 
cessful campaign to provide a football field 
for Brookline High School when he was a 
still 
ample of vision, courage, business acumen, 


student there is celebrated as an ex- 
and even audacity and farsighted planning 
for the common good. A multitude of ex 
amples might be gleaned from his days as 
a student at Boston University, from which 
he graduated in 1918, or from the four years 
at Harvard Medical School, preceding the 
1923. 


The year between the end of college and the 


award of his medical degree, in 
beginning of medical school was a wonderful 
Wanderjahr, when this son and grandson of 
university educators and Methodist ministers 
saw his own country, in part as an itinerant 
man-of-all-work and in part as a hobo. This 
story should one day be told in its entirety. 
Shields Warren 


chose pathology as his field of professional 


It was no accident that 


activity or that he went to the Boston City 
Hospital to learn the rudiments of his pro 
fession under the critical eye of that master 
of pathology, Frank Burr Mallory. Two 
years Was then the accepted period of 
training under Dr. Mallory, who was fond 
of pointing out that if a man could not learn 
all that Mallory could teach in two years’ 
time, he would never be much of a pathol 
ogist. 

Dr. Warren began his teaching associa- 
tion with Dr. S. Burt Wolbach, at the Har- 
Medical 
Warren as a dear and trusted friend. Dr. 
full 
professors of pathology who succeeded Dr. 
Wolbach in 1948, 

But, at the 
Dr. 


finding a 


vard School, who soon adopted 


Warren was made one of the four 


onset of his professional 


career, Warren was not interested in 


hrst 
maintained by someone else. Here again his 


nest planned, built, and 
extraordinary ability to create something 
that would fill a great need and open up new 
vistas of pathology, medicine, and science 
was apparent. He organized the first full- 
time department of pathology at the New 
England Deaconess Hospital, an institution 
connected with Harvard Medical School but 





FOREWORD 


not one of its main teaching hospitals. To 
most of his colleagues this seemed the end 
of the road for a promising young pathol 
The 
unattractive and inadequate. 


ogist. quarters for pathology were 


There were 
research, but what Dr. 
Warren saw was a surgical Staff composed 
of men such as Dr. Frank H. Lahey and 
Dr. Daniel Fiske Jones and a medical staff 
headed by Dr. Elliott P. Joslin. He quickly 
rendered 


no facilities for 


a quality of service in clinical 


pathology and surgical and postmortem 
pathology which was to be copied through- 
out this and many other countries. Having 
carried out his first duty for the welfare 
of the patient by furnishing surgeons and 
physicians with rapid, accurate, authorita- 
tive, and objective clinical and morbid 
anatomic pathology routine, he was able to 
institute a series of studies, at first by him- 
self and later with a magnificent succession 
of eager young pathologists who came to 
him for professional training. 

four areas of pathology attracted his at 
tention because of the nature of the clinical 
problems, and these Dr. Warren system- 
atically explored in studies carried on to the 
present day. The vast number of patients 
with surgically treated 


thyroid disease 


formed the careful 
clinicopathological correlations. These clari 


basis of a series of 
fied many of the hopelessly confused classi- 
and 
surgeon and to the internist 


fications then in vogue gave to the 
a sound basis 
for choice of therapy. People with tumors 
in great number came to him for diagnosis, 
and there developed soon a masterful pro 
ficiency in the art of 
followed by 


permanent sections and constant follow-up 


frozen-section 
diagnosis, comparison with 
studies of patients from whom the tumors 
had been removed. During this early period 
too, the beginnings of Dr. Warren’s interest 
in the effects of radiation upon the tissues 
and organs of the body were made. Finally, 
his association with Dr. Elliott P. Joslin 
provided a unique opportunity to study 
diabetes as a whole. From this interest there 


emerged what has become a classic—“The 


Mellitus” 
1930. The 
edition of this book is now in preparation, 
with Dr. Philip M. Le 


Pathology of Diabetes which 


was first published in fourth 
in collaboration 
Compte. 

Dr. Warren saw the remarkable oppor 
tunity for a young pathologist to make ex 
tensive studies on the effects of radiation 
on cancer and on the tissues of the body. 


When 


available, he used it in the 


radioactive phosphorus was made 
treatment of 
leukemia and with characteristic vision pre- 
pared at once for the new era opened by 
the use of radioactive isotopes in medicine 
and research. His monograph concerning 
the changes in normal tissues induced by 
with 
Olive Gates, Charles Dunlap, and Nathan 
Friedman, in 1942-1943, is still a standard 


reference work. 


radiation, written in_ collaboration 


The long years of interest in the biologic 
effects of radiation prepared Dr. Warren 
for the great responsibilities he was soon 
called upon to 


bombs were dropped in Japan. He 


assume when the atomic 
was 
asked first to observe the survivors in Japan, 
after his years of duty in the medical corps 
of the United States Navy, and then to be- 
His 
entire professional activity and his native 
make the natural 
choice for the first directorship of the Divi- 


come concerned with the Bikini tests. 


talents combined to him 
sion of Biology and Medicine of the U. S. 
Atomic [nergy Commission. Although 
most of his accomplishments in this area 
have not yet been made public, a clear 
glimpse of the importance of his achieve- 
ments can be obtained through the eyes of 
his colleagues and the remarks of such men 
as Adm. Lewis L. Strauss, until recently 
Chairman of the Atomic Energy Commis- 
sion. 

Characteristically, the planning of the 
structure and functions of the Division of 
Biology and Medicine of the Atomic Energy 
Commission took on a scope which multi- 


plied many times the effectiveness of this 


major effort in research in this country. 
Under the 


inspiration of Dr. Warren, 
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scientists and physicians were given support 
of a magnitude demanded by the enormity 
of the task they were asked to assume, and 
world leadership in this new branch of re- 
search was soon evident. 

His deep interest in education and in the 
practical aspects of medical research in 
pathology shaped the structure of research 
institutions throughout the country, so that 
medical schools and universities were 
strengthened rather than debilitated by the 
new activities of the Atomic Energy Com 
an achievement was all the 


mission. Such 


more remarkable because of the under- 
standable secrecy which was imposed, for 
reasons of security, upon much of the re- 
search in this area. 

For five years, Dr. Warren continued as 
director of the division and since then has 
maintained close relations with the Atomic 
consultant. His 

this field have 

United States 
in his selection as the United 


Energy Commission, as 


enormous contributions in 


been recognized by the 
Government 
States representative to the United Nations 
Effects of 


Atomic Radiation. It is in this activity that 


Scientific Committee on the 


the public has had an opportunity to see 
His 


have in 


Shields Warren, the medical statesman. 


integrity and scientific stature 


fluenced those who are less well informed 
to adopt his belief that we should not stop 
atomic tests but should rather regard nu 
clear energy as a force with which the 
world must reckon, it is hoped, only in 
peaceful applications. To do this, he has 
pointed out, we must learn how to control 
hazards such as those which may prove to 
be associated with some radioactive isotopes, 
such as strontium 90. 

When the full 


and educational 


story of the medical, 


scientific, contributions 
through the Atomic Energy Commission can 
be told, pathology will indeed be proud of 
the contributions of this man for the good 
of this country and the world. 

Dr. Warren’s studies in the field of cancer 
began with systematic attempts to make 


clinicopathological correlations for the 
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guidance of the surgeon seeking the best 
form of therapy. From studies leading to 
the clarification of nomenclature, achieve- 
ment of more precise criteria for prognosis, 
and observations which led to development 
of better operative procedures, a far more 
clear picture of the life history and bio 
logical behavior of many forms of cancer 
To raise the standards of cancer 
Dr. 
Warren, later assisted so ably by Dr. Olive 


f« le Ww ed. 


surgery throughout Massachusetts, 
Gates, developed a tumor diagnostic service 
for the Commonwealth of Massachusetts 
and became a great force in the develop- 
ment of better care for the patient with 
cancer in the state institutions. His colossal 
energy, which has become legendary, is 
beautifully illustrated by the testimony of 
the young men in training who, as part of 
their service, were stationed in the Pondville 
State Cancer Hospital, some twenty miles 
from Boston. The resident on duty there 
would meet regularly with him for a study 
of the pathological 
had 


after 


accumulated surgical 
Dr. 


his day’s work in 


problems when Warren finished 


Boston, eleven 
o'clock at night. With unflagging energy 
Dr. Warren 


would study the problems placed before him, 


and no sign of weariness, 
without hurry, as if this were the only 
task facing him. 

A long experimental program concerning 
the nature of cancer and the effects of radia- 
tion on various types of tumors led, finally, 
to the inauguration, on June 5, 1951, of the 
Cancer New 
-ngland Deaconess Hospital. The important 


Research Institute of the 
and beautifully organized laboratories of 
pathology of the hospital had been, for some 
time, the immediate responsibility of Dr. 


Warren’s highly respected colleague, Dr. 


William A. Meissner. The newly created 


Cancer Research Institute, although closely 
connected with the Department of Pathol- 
ogy, offered magnificent opportunities for 
the work of an enlarged staff concerned 
with the biology of radiation and of cancer 
in the broadest possible terms, with the aid 


of techniques derived from the disciplines 
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of biology, physics, and chemistry, all di 
rected toward this program of experimental 
pathology. 

Dr. Warren's interest in pathology has 
from the medical 


ranged teaching of 


students, the training of men for the 


American Board of Pathology, postgraduate 


education for general practitioners and 
specialists, the practice of pathology, experi 
mental pathology, and participation in the 
activities of 


time-honored associations to 


which teachers and practitioners of pa- 
thology belong to helping to found new 
organizations designed to meet the needs 
of pathology. And so we find Dr. Warren 
serving as president of the American So- 
ciety for 


IXxperimental Pathology, the 


American Association of Pathologists and 


Bacteriologists, the American Association 


for Cancer Research, and the American 
Board of Pathology and identified with the 
American Society for Clinical Pathology as 
recipient of its highest recognition, the Bur- 
dick Award. 

While emphasizing the importance of de- 
tailed study of specialized areas of pa- 
thology, he has viewed it always as a whole 
and has followed his interests to special 
With his asso- 


ciate, Dr. Samuel P Hicks, he wrote a book 


areas, wherever they are 


on neuropathology from the viewpoint of 
the The 


discovery of Papanicolaou 


general pathologist. important 
put to 


practical test without delay, and from his 


was 


studies with his colleague, Dr. Olive Gates, 
there soon emerged an authoritative hand- 
book for the diagnosis of cancer of the 
uterus. 

Dr. Warren has given years of service 
as a consultant to the United States Army, 
Navy, Air Force, Veterans’ Administration, 
and National Institutes of Health. 
served as a member of the National Ad- 


He has 


visory Cancer Council and the National Re- 
search Council. 

A life so filled with dedication to his pro- 
fession and to the commonwealth would 
seem out of balance if it were not for hours, 
both planned and stolen, spent with Alice, 


his wife, and his two daughters and their 


families, at Waquoit, near Woods Hole on 
the Cape. There Shields Warren becomes 
the sailor; the fisherman; the host to family, 
friends, and pupils, and the center of a 
devoted and happy family group. 

We leave him now, apparently at the 
height of his vigor, physically and mentally, 
engaged in the daily practice of pathology 
and the teaching of students and doctors 
in his chosen field and directing the active 
investigations of a group of devoted col 
leagues in a Cancer Research Institute. We 
see him breaking away for a characteristi- 
cally brief, efficiently organized and effec- 
tive consultation with governmental bodies or 
medical or scientific committees, or for his 
more prolonged sessions at intervals as a 
representative of his country in the scientific 
sessions of the United Nations. We see him 
presiding at the board of decision of a great 
university, or sitting quietly, listening in 
characteristic attentive manner to the status 
of a search for a new professor at the 
medical school or the statement of the 
problems concerning the formulation of a 
policy of importance to our national security. 
We observe him, then, giving his opinion, 
couched always in simple, clear, incisive 
manner, and only when he believes that he 


We 


see him, best of all, at the helm of his boat 


has something of value to contribute. 


on the waters off Cape Cod, eyes fixed on 
the far horizon, carrying out expertly the 
maneuvers that only a gifted sailor can 
achieve after long years of practice. What 


new branches of medicine or science is he 


thinking about? What new territory is he 


For what new crisis 
We 


cannot read his mind, but of this we can be 


planning to explore? 
is he preparing a program of action? 
certain—whatever he is planning, the goal 
will be a worthy one, the territory unex- 
plored, and the course not fully charted; 
there will be a challenge worthy of the man, 
and his contributions will be as notable as 
his leadership is unobtrusive. 

SipNeEY Farser, M.D. 

35 Binney St. 


Boston 15 





The Localization of the “Nephrotoxic” Antigen(s) in 


Extraglomerular Tissues 


Observations Including a Measure of Its Concentration in Certain Locales 


CECIL A. KRAKOWER, M.D., and SEYMOUR A. GREENSPON, M.S., Chicago 


It has been known since the turn of the 
century! that a heterologous antiserum to 


kidney tissue (“nephrotoxic” serum) when 
injected intravenously into an animal of the 
donor species can produce renal disease. 
Although at first this disease was not rec 
ognized as a_ glomerulonephritis, largely 
owing to contaminating hemagglutinins and 
hemolysins, later studies, particularly by 
Wilson and Oliver? and subsequently by 
Masugi,® established the unique localization 
and character of the lesion. It is now 
known that such antisera affect the kidney 
only and more specifically the glomeruli. 
Furthermore, it is now recognized that such 
sera are not strictly species-specific but are 
capable to a limited extent of cross reac 
rabbit 


in the 


tions, as between rat and mouse,’ 
and dog,® and man and dog.* Thus, 
case of the latter, rabbit anti-human-glo 


merular-basement-membrane antiserum is 
capable of producing an acute glomerulo 
nephritis in the dog. 

Even organ specificity no longer pertains, 
in terms both of the components of the 
kidney and of the organ as a whole. It was 
thought that the renal cortex only contained 
the requisite antigen(s)** 
localized to the glomerular capillary base 


and that it was 


ment membrane.*® It has been shown 


that the 
of producing a 


now 


renal medulla is likewise capable 


“nephrotoxic” antiserum.* 


Moreover, it has become clear in recent 


years that while nonrenal antiorgan heterol 
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ogous antisera are, perhaps with few excep 


tions, ineffective in producing lesions in the 
target or other nonrenal organs of animals 
of the donor species, nevertheless, they are 
capable of producing glomerulonephritis in 


these animals. This has been demonstrated 


to be the case for such heterologous antl 


sera developed against muscle,'’'' retina,’ 
lung,*:!! 13,14 pla centa,’ 15-17.19 aorta,?” 


brain,'! liver,’! stomach,*! intestine and 


heart.*-**— Earlier studies, too, by Smadel 


and Varr'* indicated the possibility of a 


common “nephrotoxic” antigen(s) in non 
renal organs or tissues. Thus, the produc 
tion of a glomerulonephritis in the rat with 
rabbit anti-rat-renal antiserum could be 
modified or annulled by prior absorption of 
the antiserum with rat liver. 

Recent studies have been concerned with 
an attempt to analyze the complexity of 
antigenic materials in any tissue and the 
corresponding pattern of antibodies in het- 
erologous antisera, A brief review follows 
of some of these studies as they may relate 
to the “nephrotoxic” antigen(s), 

Gamma-globulins from a variety of anti 
organ heterologous antisera have been 
labeled with radioactive isotopes and their 
distribution traced in animals of the donor 
species after intravenous injection.**** It 
has been shown that there is preferential 
these antibodies to 


localization of some of 


certain organs. By elution and reinjection 


of the antibodies localized to such organs 


and by in vitro observations on the bind 
ing by organ homogenates of the labeled 


antiorgan antibodies a degree of organ 


specificity of these antibodies could be dem 


onstrated, Pressman and his co-workers 277 
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have stressed the time factor in localization. 
Antibodies which localize rapidly presum- 
ably do so on the vascular bed or in a struc- 
ture that is in very close contact with the 
circulation. They have assumed that there 
is more than one such rapidly localizing 
antibody against any particular organ. On 
the other hand, Bale, Spar, Goodland, and 
Wolfe.2* as well as Pressman,** have cau- 
tioned that 


in the interpretation of the 


specificity of such localizing antibodies 
the following factors have to be taken into 
account: the mode of injection, the relative 
rate of circulation through the organ, vas- 
cular permeability to proteins, intra- or 
extracellular location of the :antigens, and, 
finally, the organ specificity of the anti- 
bodies. 

However, in the rapid and preferential 
localization of antiorgan heterologous anti- 
bodies, the kidney has been frequently in- 
volved the 


instances when they have been reported 


and radioautographs in few 


have demonstrated a concentration of the 
radioactive label within the renal glomeruli. 
In keeping with this have been the observa- 
tions of Mellors, Siegel, and Pressman ** 
that the y-globulin of rabbit anti-rat-kidney 
and anti-rat-lung antisera could be demon- 
strated in rat renal glometuli following 
intravenous injections of these antisera by 
applying fluorescently tagged chicken anti- 
rabbit-y-globulin antibodies to sections of 
the kidney. 

Other experimental procedures have at- 
tempted to analyze the organ or tissue 
antigens by in vitro methods. Cruickshank 
and Hill,*° by the use of Coon’s technique 
with fluorescently labeled rabbit antibodies 
to homogenates of rat kidney, lung, and 
renal glomeruli, have demonstrated common 
antigens in reticulum, basement membranes 
(widely including glomerular capillary base- 
ment membranes), neurilemma, and _ sarco- 
lemma of 


the rat. Scott,*! 


using the same technique but with rabbit 


the tissues of 


antibodies to human glomeruli and synovial 
membrane, respectively, suggested that the 
renal glomerulus contained at least two anti- 


gens. One of these present in glomerular 


Krakower—Greenspon 
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basement membranes was shared by vascu 
lar and nonvascular basement membranes in 
other organs. The other was more widely 


distributed and found in much the same 


sites as argyrophilic reticulum. Goodman, 
Greenspon, and Krakower ** postulated on 
the basis of and 


serologic agglutination 


absorption tests with the acellular mem 


branes of glomeruli and stroma of other 
tissues that glomerular capillary basement 
membrane may possess at least three types 
of antigen. One is responsible for the pro 


A second 


tubular basement 


duction of a “nephrotoxic” serum. 


is related to renal mem 
brane, and a third, to the collagens, such as 
in tendon and cornea. l:mploying somewhat 
similar agglutination and absorption tests 
with rat and human material and a some 
what wider range of tissues for absorption, 
both fresh and enzymatically and chemically 
treated, Milazzo“ agreed with the findings 


Hill. 


the view that antibody to reticulum was the 


of Cruickshank and He supported 


major active constituent of “nephrotoxic” 
seTa. 

In the extensive studies on the “nephro 
toxic” and Good 


antigen(s) by Baxter 


man,* rabbit antirat sera were developed 
against a large number of rat organs; 0.5 
times 1.0 


homogenates of 


gm. or ot gm. quantities of 
without ad 


juvant Was injected twice weekly for three 


these organs 


weeks. After a period ot rest, the immu 
nization procedures were repeated at least 
twice again. They found that renal medulla, 
lung, and placenta were capable of evoking 
a heterologous 


“nephrotoxic” with 


about the same potency as that of rat renal 


serum 
glomeruli. Other organs, such as intestine, 
heart, and stroma of liver, were much less 
while 


capable of doing so; brain, 


muscle, spleen, adrenal, and liver failed to 


OvVaTY, 


produce a “nephrotoxic” serum. They also 


absorbed a standard rabbit anti-rat-kidney 
antiserum 


with fixed and to some extent 
graded quantities of homogenates of vari- 
ous whole tissues of the rat and tested the 
nonabsorbed portion of the serum for its 
“nephrotoxic” activity in rats. There was 


fair agreement between these observations 
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and those of the direct biologic testing of 
the antisera. These results suggested that 
the “nephrotoxic” antigen(s) was probably 
present in the stroma of organs, varying in 
content from one organ to another and to 
some extent independent of the total con- 
tent of blood vessels and other supporting 
tissue present in the organs. They felt that 
it was possible that the content of the antigen 
in various tissues might be related to a 
specific anatomic component of the stroma 
which had not been clearly defined. 

Some attempts **** have been made to 
isolate and identify the “nephrotoxic” anti- 
gen(s) chemically, but that has not been 
achieved to date. 

While the “nephrotoxic” antigen(s) has 
been localized to the basement membrane 
of the renal glomerular capillaries,’ the 
summary of the above recent observations 
points toward but does not establish an 
extension of this finding to the capillaries 
of other organs, as suggested by Spihler, 
Rother,®* and 
29 In fact, 
have introduced an 
It is clear that anti- 
gens in common with the “nephrotoxic” one 
are to be found both in renal glomerular 


Zollinger, and Enderlin ™; 
Mellors, Siegel, and Pressman. 
these recent studies 
element of confusion. 


capillary basement membrane and else- 
where, particularly in structures related to 
the broad group of reticulins as defined by 
Robb-Smith. Whether these 


other than capillaries contain the “nephro- 


structures 


toxic” antigen is undetermined. 

Likewise, with reference to the localiza- 
tion of the heterologous antiorgan anti- 
bodies, no distinction is possible as to which 
of the antibodies produced 
against whole organ homogenates localize in 


complex of 


or near vascular beds. It is unknown 
whether the 
specific “nephrotoxic” antibodies. In view, 
however, of the unique location of the 


disease produced by these antiorgan anti- 


any of these are related to 


bodies, primarily within the renal glomer- 
ulus, it would follow that the demonstrated 
antibodies in this organelle must include the 
specific “nephrotoxic” ones. The question 
remains, however, why this unique localiza- 
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tion of the disease? Why are not vascular 
or nonvascular tissues affected elsewhere ? 
In that regard, Zollinger *! has suggested 
that hemodynamic factors, namely, the large 
volume of blood flowing through and the 
high filtration rate of glomerular capillaries 
account for the localization of the disease 
to the glomerulus. Rother *® has suggested 
that the glomerular capillaries are immuno- 
biologically different from capillaries else- 
where. However, the findings of Baxter 
and Goodman* fail to support distinctive 
quantitative the “nephro- 
toxic” antigenic content of glomeruli and 
have pointed toward a similar content in 


differences in 


other organs, such as lung and _ placenta. 
Neither have they lent support to any 


qualitative differences between the specific 
antigen(s) in the glomerulus as compared 
with other organs. 

The present experiments attempt to clari- 
fy some of these problems. 


Procedures and Methods 
A. Determination of Presence of “Nephrotoxic” 
Antigen(s) in Variety of Organs and Tissues 
The organs and tissues were obtained from dogs 


as sterilely as possible. 
sterile 


They were immersed in 
saline and stored in the cold at 
—15 C. As a rule, they were allowed to thaw 
slowly at 4 C for 15 hours prior to use. The 
tissues were dissected under sterile conditions in a 
sterile cold room maintained at 5 C. At all other 
times, they were kept in sterile containers in a 
bath of ice. 


isotonic 


1. Preparation of Tissue by Frozen Sectioning 
for Sonic Vibration—Articular cartilage was ob- 
tained from elbow and knee joints. The epithelial 
layer of the cornea was removed by scraping the 
surface with a sharp scalpel blade while the eye 
was still in the frozen state. The cornea was then 
excised, and the inner epithelial layer was removed 
in the same way 

Heart valves included both the A-V valves as 
well as the semilunar cusps. The A-V valves were 
trimmed of grossly apparent musculature. 

Tendon was stripped of its surrounding and en- 
closing sheaths, liberating the individual bundles 
Ligamentum flavum obtained from the dorsal ver- 
tebral laminae was trimmed. Only the central, less 
The 
more vascular and more fibrous portions to either 
side were discarded. 


vascular and more elastic portion was used. 


The thoracic portion of the 
aorta in large part was used, including the cranial 
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abdominal The 


The aorta was opened, trimmed to a rec- 


portion adventitia was stripped 


away 
tangular shape, gently flattened, and measured. The 
number of vascular 


apertures and 


their dimensions, recorded. 


was counted, 
The sum of the areas 
of the vascular apertures was deducted from the 
total area. A plane of cleavage could be found in 
the media whereby the aortic wall could be roughly 
separated into an inner third and an outer two 
thirds 

The posterior vena cava caudad to the liver was 
handled in the same way as the aorta except that 
no cleavage could be obtained and the whole wall 
except for the adventitia was used 

In the case of lung, the pleura was stripped or 
shaved away while the lung was still in the frozen 
state. Subpleural blocks of lung were removed and 
were used exclusively blocks taken 


as close to the previous pleural surface as possible 


These were 
in order to exclude larger bronchial or vascular 
branches 

The choroid of the eye represented the portion 
posterior to the ora serrata and excluded the region 
of the optic disk 

The renal medulla was taken from the papillary 
portion well away from the corticomedullary junc- 
tion, so that there could be no possible inclusion 
of juxtamedullary glomeruli. 

In the case of the testis, the tunic was dissected 
The 


smaller fragments 


away testicular substance was sliced into 


The material thus prepared for all the above 
tissues was washed with isotonic saline by gravity 
or centrifugation. The fragments were then shaved 
on a freezing microtome two, three, or more times 
until the 
were obtained 


smallest and thinnest possible sections 
These were then repeatedly washed 
The 
testis in 
order to free the tissue of as much sperm as well 


in isotonic saline solution by centrifugation 
washing was particularly thorough for 
These shaved and washed tissues were packed by 
centrifugation, drained of fluid, and weighed. They 
were then sonically vibrated in small quantities in 
Model 
Mass. ) 
In order 


a Raytheon magnetostriction oscillator, 
S-102 (Raytheon Mfg. Co., Waltham, 
operated at 130 volts for 20 to 30 minutes 

to free the tissue of cells, they were variously 
0.85% 
Heart valves, lung, ligamentum flavum, and 
renal medulla 


vibrated in 8% saline, saline, or distilled 
water 
were vibrated in sterile 8% saline 


Testis, aorta, and vena cava were vibrated in 
sterile distilled water. All the others were vibrated 
in sterile isotonic saline. After vibration, all tissues 
were returned to and washed repeatedly in sterile 
isotonic The sediments 
were packed by centrifugation at 1500 rpm for 
three to five minutes, drained, and weighed. They 


were always checked microscopically to be certain 


saline by centrifugation. 


that all cells had been removed. The supernatant 


Krakower—Greens pon 


fluids of the and 


In the 
those in which the vibrating fluid was 


collected 
partially lyophilized to reduce the volume. 
case of 


vibrated tissues were 


isotonic saline, the material was tested in animals. 
The same was true of those vibrated in distilled 
water. NaCl was added to isotonic level. On the 
other hand, the fluids from those tissues vibrated 
in 8% saline could not be tested in animals, owing 
to the high concentration of salt. The danger of 


bacterial contamination in the course of 


dialysis 
discouraged us from using this procedure in order 
to eliminate the salt. The estimated 
amount of material lost to the supernatant was ob- 
tained by 


excess of 


subtraction of the 
total amount of 
shaved and washed material. 

2 of Tissues Not Necessarily Re- 
quiring Frozen Sectioning or Sonic Vibration—The 


amount of stromal 


sediment from the 


originally 
Preparation 


anterior and posterior surfaces of the ocular lens 
were trimmed to exclude the capsular nucleated 
portions. The lenses were then washed, packed 
by centrifugation, and weighed. They were 
homogenized in a Servall Omniblendor operating 
at 15,000 rpm and 115 The blendor was 
chilled in a bath with chipped and cracked ice. 
The homogenized lens was used for animal inocu- 
lation. 


volts. 


In the case of heart, endocardium and epicardium 
were cut away. The myocardium was shaved with 
a scalpel blade. The shavings were thoroughly 


washed in isotonic saline. They were sonically 
for 5 or 10 minutes. 
The coarse stroma of the heart separated out and 


aggregated into small clumps 


vibrated in isotonic saline 


These were removed. 


The striated muscle fibers broke up readily into 


fine particles no longer recognizable as striated 
structures. 
identifiable, 


No nuclei or nuclear fragments were 
however. The particles represented 
cytoplasmic granules. Spun at 3500 rpm, the sedi- 
ment was tested for its “nephrotoxic” activity. 
The supernatant was spun at 15,000-18,000 rpm in 
a Servall The sediment and super- 
natant were also tested for “nephrotoxic” activity. 


centrifuge. 
Endothelial cells were obtained from fresh and 
fresh-frozen thawed aortae by stretching the aorta 
and pinning its edges. The surface 
flushed saline to free it of adherent 
red blood cells, white blood cells, and platelets. It 
was then gently scraped with the long edge of a 
spatula 


intimal was 


with sterile 


The scrapings were collected in isotonic 
They were washed with saline by repeated 
centrifugation. Individual and sheets of endothelial 
obtained 


saline 


cells so were used for inoculation of 


rabbits 

In order to relate the surface area of large ves- 
sels and their very superficial nonvascularized in- 
timal and immediate subintimal portions with their 
“nephrotoxic” activity, 


fresh-frozen and thawed 


aortae and venae cavae were trimmed to form a 
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rectangle. Their intimal surfaces were flushed with 
isotonic saline and flattened on paper toweling, and 
surface areas were determined. The areas of vas- 
cular orifices were deducted. In order to conserve 
material in the later phase of the experiment, areas 
were determined planimetrically without trimming 
the vessels. The toweling with the flattened vessels 
was then placed over a sterile metal plate set on a 
block of solid carbon dioxide (dry ice). The in- 
timal surface of the vessels was scraped with the 
sharp beveled edge of a razor blade. Using the 


bevel as a guide, only the very superficial inner 
layer of the vessel was removed, so as to avoid 
the vascularized portion of the media. The scrap- 
ings were washed repeatedly in isotonic saline by 
centrifugation. They were used for inoculation of 
rabbits 

The 


thawed brains were removed 


choroid plexuses of fresh-frozen and 
from the fourth and 
lateral ventricles. They were placed in sterile Petri 
dishes covered with isotonic saline. The capillary- 
bearing portions of the plexuses were then excised 
under the dissecting microscope, with use of iris 
scissors and dissecting needles. All larger vessels, 


and venous, and extraneous tissues were 


The 


intimately 


arterial 
and venous 
varied 


arterial 
with the 


dissected away smaller 


branches associated 
shaped and complex capillary tufts were unavoid- 
This 


formed in the sterile cold room at 5C. The plexuses 


ably retained dissection was likewise per 
were then repeatedly washed in saline, shaved on 
a freezing microtome, and tested for their “neph- 
both frag- 


acellular stromal 


rotoxic” antigenic content, as shaved 


ments and as their components 
The 


vibrated material was rapidly changed into isotonic 
repeatedly by centrifugation 


obtained by sonic vibration in 8% saline. 


saline and washed 
Each brain on the average yielded about 28.6 mg 
of washed shaved capillary-bearing plexus 

The ciliary processes of fresh-frozen and par- 
The 
The 


vitreous were 


tially thawed eyes were obtained as follows 
eyes were trimmed of all extraocular tissues 
corneae and 
gently extruded as soon as the eyes were adequately 
The 


washed in isotonic saline 


were excised. Lens 


thawed eyes were then inverted and gently 
sy use of stout forceps, 
inserted into the inverted cavity of the eye as 
holder, and immersing the eye in a shallow basin 
saline, the ciliary 
With a spotlight focused 


containing isotonic processes 


could be made to float 
upon the eye, these processes could then readily 
be plucked with iris forceps. The processes were 


with isotonic saline and 


to remove particles of 


collected in a test tube 


were washed repeatedly 


melanin pigment by suspension and settling. They 


were packed by centrifugation and weighed. They 


were used in part as intact processes for biological 
testing or they were vibrated in 8% saline. The 
acellular stroma with predominantly liberated pig 
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ment granules was washed in isotonic saline and 
tested biologically as well. The preparation of the 
ciliary processes was performed under sterile con- 
ditions in the cold sterile room. On the average, 
3.7 up to 4.0 mg. of ciliary processes was obtained 
per eye 

Renal glomeruli were isolated in a manner de- 


scribed previously.” By the careful use of silicone- 
with a 


Isolated renal glomeruli were vi- 


coated containers, the counts were made 
hemacytometer 
brated in isotonic saline in order to obtain glo- 


merular basement membrane 

3. Procedure for Gwing Inoculations to Rabbits 
and for 
Dogs 
ucts for biological testing, weighings were made of 


Subsequent Testing of Antiserum in 


In the course of obtaining the tissue prod- 


the tissue prior to shaving on the microtome and 
after repeated washing, packing, and draining of 
the shavings. In like manner, the acellular stroma 
after sonic vibration was washed in isotonic saline, 
packed by centrifugation, drained of excess fluid, 
and weighed. Aliquots of the tissue were removed 


for the determination of fat-free dry weight and 


nitrogen content. The materials were reweighed, 


suspended in small amounts of isotonic saline, 
mixed with equal parts of an aluminum jelly pre- 
pared by the method of Tracy and Welker,® and 
injected in known amounts into the intramuscular 
rabbits. The bled 


The sera stored at  < 


tissues of rabbits three 


later 


were 
weeks were 
Prior to use, they were rapidly thawed. Dogs were 
given intravenous injections, with use of 1.5 cc. of 
the test serum per pound of dog. The dogs were 
killed seven days after injection. The urine was 
tested for protein. Complete autopsies were per 
formed, and histologic sections of all organs were 
examined microscopically. 

For any given tissue and for any given graded 
amount of the tissue, at least three and often many 
The serum 


individual 


more rabbits were given inoculations. 
of each of these rabbits was tested in 
dogs. Sera were not pooled 

As a rule, in testing tissues for their “nephro- 
toxic” content, the following approximate amounts 
25, 75, 200, 
These 


on a wet weight basis were employed 
and 500 mg. and 1 and 2 gm., respectively 
higher values were exceeded or not tested if posi- 
The level 
at which 60% or more of the sera gave positive 


tive tests were obtained at lower levels 


tests for glomerulonephritis was regarded as the 
basic amount of tissue which contained the equiva- 
lent of a unit of “nephrotoxic” antigen(s). A 
positive test was one in which the dog developed 
some degree of proteinuria within the seven-day 
period and where there were glomerular lesions, 
even if these were focal in character. In strongly 
positive tests, there was abundant protein in the 


urine and the kidneys presented the classical gross 
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ami microscopic features of acute hemorrhagic 


glomerulonephritis. All glomeruli were affected 
B. Determination of Approximate Volume and 
Area of Capillary Bed of Certain 
Selected Tissues 


In all instances, dogs were heavily sedated with 
pentobarbital (Nembutal) (0.5 cc. per pound of a 


This 


an intravenous injection of hepa 


3% solution) administered intravenously 
was followed by 
rin (2.0 mg. per pound of dog) dissolved in iso 
tonic saline 

Renal Glomeruli.—Both renal arteries and veins 
were cannulated and perfused with warm Ringer- 
Locke solution. This was delivered from a cistern 
130 mm. Hg. When 
the perfusate was clear, the perfusion fluid was 


that of a 


by gravity at a pressure of 


latex 
8200 S 
Ringer- 


changed to commercial yellow 


(General Biological Supply House, Inc., 
Hoyne Ave., Chicago 20) 


Locke solution volume per volume. It 


diluted with 
was neces- 
sary to filter the diluted latex through packs of 
gauze in order to free it of gross particles. There 
little 


tubing 


was very flow of latex through the renal 


The 


clamped 


vein leading to the cannula was 


The kidneys were gently removed and 
placed in the cold at —15 C. Some time later, they 
were slowly thawed overnight at 4 C and processed 
for glomeruli in the same way, as previously de 
The 


saline 


scribed, for the normal kidney.® isolated 


glomeruli suspended in isotonic varied in 


their content of latex. This variation could readily 
be detected in a strong light source with the naked 
well-filled glomeruli therefore, 


eye. The were, 


hand picked with a pipette. After a satisfactory 
number of glomeruli had been so collected, samples 
were taken for counts and for the determination 
microscopically of the per cent of well-filled glo- 


meruli. Measurements of the capillary diameters 


were made. The glomeruli were then packed by 


centrifugation and weighed. They were dried in 
an oven to constant weight after lipid extraction 
The yellow dye 


dark by 


latex-filled glomeruli with 


with alcohol-ether was then 


dried 
(1-2 


extracted in the treating the 
o-dichlorobenzene 
179.5-180.5) 


changes of 


dichlorobenzene, B. P 


Frequent o-dichlorobenzene were 


The 


spectro- 


made until no further dye could be extracted 

saved for 
The 
weight again. They were then 
digested with hot 30% KOH for 20 to 30 minutes. 
The residue was washed repeatedly with distilled 


extracts were collected and 


photometric determinations glomeruli were 


dried to constant 


water by centrifugation and then dried to constant 

weight 
Control uninfiltrated glomeruli and accurately 

treated in the 


latex- 


measured volumes of latex were 
From seven 


infiltrated kidneys, 2,665.000 glomeruli 


same way simultaneously 


were ob- 


Krakower 
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Of these, 93.3% showed 80%-100% filling; 
50% -70% 20%- 
filling, and 1%, The 
otherwise 


tained 
3.6%, 
40% 


glomerular 


from 2.0%, from 
-10% 


microscopically 


filling ; 

from 0% filling. 
preparation 
contained few contaminants. There were only 5.6% 


40.4% of the 


capsules of the glomeruli were retained 


tubular fragments, while parietal 

In place of commercial latex, in order to obtain 
better capillary filling, the following latex mixture 
was used for the organs or tissues described below 
Natural 62.6% 
3019 W 


with 


(Chicago Latex Products, 
Montrose St., Chicago 18) 


Ringer-Locke 


latex 
was diluted 
solution volume per volume; 
50 cc. of a saturated 
(Rubber Yellow G. L., 


duPont de 


solution of a yellow dye 
YL-632-Dr, E. | 


Nemours and Company, 


Code 
Wilmington, 
Del.) in Ringer-Locke solution was added to every 
4 liters of the mixture of 
Ringer-Locke The 


through packs of 


latex with 
filtered 


prior to use 


natural 


solution mixture was 


repeatedly gauze 
The fine particulate quality of the suspension was 
checked microscopically 

With the dog 


a cannula was inserted into the pulmonary 


Lung prepared as described 


alx ve, 


second cannula was inserted into the 


The 


tied. Warm Ringer-Locke solution was perfused 


artery A 
left auricle of the heart venae cavae were 
through the cannula in the pulmonary artery by 
130 mm. Hg. When the 
perfusate from the left auricle was clear, the latex 
The 


a good brisk 


gravity at a pressure of 
was infused by gravity at the same pressure 
latex perfusion was continued until 
flow was obtained from the auricle Samples of the 
effluent were collected. The tubing to the cannulae 
The lung, on perfusion, became 
failed to fill the 
nto 


was then clamped 
somewhat inflated but 
The 
at 10 C 


moved and stored in the Deepfreeze at 


pleural 


space animal was moved a cold room 


The frozen latex-filled lungs were re- 
15 C. For 
determination of the volume and area of the vas- 
removed and while in 


cular bed, the lungs were 


the frozen state the pleura was trimmed away 


Thin 


Samples of 


subpleural strips of lungs were removed 
these were examined microscopically 
for the completeness of capillary filling and to de- 
termine the vascular diameters 
defatted 


weight, extracted with o-dichloroben- 


These strips were 


washed, dried, with alcohol-ether, dried 


to constant 
zene, and digested with KOH, as with the renal 
glomeruli. Careful subpleural shavings of frozen 
Ringer-Locke-perfused lung were treated in the 
same way, aS were accurately measured and 
weighed samples of the latex mixture, both of the 


influent and effluent. 


Choroid Plexuses of Brain and Ciliary Processes 
of Eves 


Dogs were prepared as previously. The 
internal carotid arteries were cannulated, and per- 
fusion was started with warm Ringer-Locke solu- 


tion at 130 mm. Hg. by gravity. The jugular veins 
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were then cannulated 


tablished, bot! 


Once a good flow was es 


vertebral arteries were ligated near 


their origins. The trachea and esophagus were then 


The 


occipital ligament was exposed and incised. The 


severed and retracted caudally atlanto 


basilar artery and the entering vertebral arteries 
were brought into view, and all three vessels were 
clamped with silver McKenzie clips. The perfusion 
with Ringer-Locke solution was continued until the 
pertusate from the jugular veins was clear. The 
latex was then injected through one internal caro 
tid artery, with use of a circulating pump ( Model 
A-I, Eastern Industries, Hamden, Conn.) operating 


When the 


jugular vein on the same 


at a pressure of 150 mm. Hg latex 


flowed freely through the 


side, the perfusion was stopped. The vessels were 


clamped. The procedure was then repeated on the 


opposite side. Samples of the effluent were ob- 


tained. The dog was then frozen in 


at 10 Cc 


a cold room 
Subsequently, brain and eyes were re 
moved. The capillaries of the brain failed to fill 
The latex-filled capillary-bearing portions of the 


choroid plexuses and the ciliary processes were 


removed and dissected in the sterile cold room at 
5 C in the manner described elsewhere. In addition, 
chec ked 
the completeness of the 


filled and 


processes were 


each ciliary process was under the dis 


secting microscope [or 
capillary filling. Only those completely 
those filled portions of the ciliary 
included. The nonfilled portions were excised with 
iris scissors or teased away with dissecting needles 


Unfilled The 


samples of choroid plexuses and ciliary processes 


ciliary processes were discarded 


from 24 dogs were processed as in the case of 
lung, including contro! uninfiltrated samples of the 
Accurately 


latex and its 


same tissu’s measured and weighed, 


samples of the effluent from the 


jugular veins were likewise processed. Vascular 


diameters were determined from mounted samples 
of the latex-filled chorioid plexuses and ciliary 
processes 
Methods to | 
Bed of 


to determine the 


ymmpute Vascular Volume and Area 


of Vascular Sampled Tissues.—I\n order 


vascular volume of the latex 


infiltrated tissues which were sampled, the follow 


ing simultaneous linear equations were used. Of 


the two variables used in these two equations, one 
could be eliminated by subtraction 


Let X 


tissue im the 


represent the fat-free dry weight of the 
latex-infiltrated sample and Y, the 
weight of the latex in the 


fat-free dry same 


sample 
weight 


Eguation 1.—X+Y)= the fat-free dry 


of the whole latex-infiltrated sample 
If Factor A represents the fraction of dry weight 
KOH 


fat-extracted uninfiltrated control sample of washed 


of tissue left after digestion of the dried 


or washed perfused tissue and Factor B represents 


the fraction of dry weight of latex left after 


370 


VM. A. ARCHIVES OF PATHOLOG) 
KOH 
extracted, and dried sample of the influent, then 
EguaTion 2—AX+-B) weight of the 
latex-infiltrated sample after KOH digestion 


digestion of the measured, weighed, fat- 


the dry 


A+B could be determined from the control tis 


sue and latex samples, respectively 
the values for X and } 


From 


Accordingly, 
could be obtained 


these values one could determine the 


weight of rubber per milligram of fat-free dry 


tissue. Relating the dry weight of rubber to the 
measured volume of the sample of latex used as an 
then determine the volume « 


Since 


influent, one could 


latex per milligram of fat-free dry tissue 


in the case of lung, choroid plexuses, and ciliary 


processes, the effluents contained approximately the 


same amount of dry latex per unit volume as the 


influent, there was neither a factor of dilution nor 


of concentration of the latex as it traversed the 


capillary beds of these tissues. The volume of 


latex per milligram of fat-free dry tissue was 


valid measurement of the vascular 
Although no effluent 
kidneys 


from the total dry 


therefore a 


capacity was obtained it 


perfusion of the with latex, it may be 


assumed weight of the sample 


of 27.9%, as compared with 25% to 27% in varied 


19% for choroid 
plexus and ciliary processes, that there was prob- 
ably little 


of filtration 


samples of infiltrated lung and 
I 


concentration of the latex as a result 


in the glomeruli. This high per cent 


of dry weight compares favorably with the ap- 


proximate 25% dry weight or more of the latex 


samples 


The values for vascular capacity obtained by 


the above gravimetric method were checked with 


the spectrophotometric determinations of the con- 
extracted yellow dye 


centration of the fully from 


the latex-infiltrated tissue samples. The dye ex- 


tracted with o-dichlorobenzene from the measured 
volume of latex used for perfusion was used as a 
standard. These extracts were yellow crystal-clear 
solutions. All necessary dilutions were made with 
»-dichlorobenzene 

In order to determine the area of the vascular 
bed corresponding to 1 mg. of fat-free dry tissue, 
the following formula was used. It was based on 


the assumption that vessels can be regarded as 


Maximal, 


quent or me 


ylinders minimal, and the most fre- 


an diameters were used in the estima- 
tion of the vascular area 
V «10% 
r 


dry tissue in ,»” 


area of vascular bed/mg 
where 


V’=vascular volume per milligram of fat-free 
dry tissue in milliliters 


r—radius of vessel in gp 


Results 


Comparison of “Nephrotoxic” Antigenic 


Content of Avascular, Poorly Vascular, and 
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Vascular Tissues Che cellular elements of 


organs have not been 


implicated in the 
search for the source of the “nephrotoxic” 
antigen(s). This was clearly shown to be 
the 


the 
endothelial cells and visceral and parie‘al 


case for renal glomeruli where 
epithelial cells were excluded from consid 
eration.*** In the 
blood 
of the 


removed 


current study, 


the 


since 


vessels were suspect as source 


antigen(s), endothelial cells were 


from dog aortae. Two samples 
each and one of 
rabbits. The 


in producing glomerulo 


of 43 mg 104 mg. were 


injected into three antisera 


were ineffective 


nephritis in the dog. In order, therefore, 
to reduce the complexity of antigens in 
organs and tissues for the purpose of this 


all 


vibration. 


sonic 
the 
for the 


immediate capsular aspects which were re 


cells removed 


This 


case of the lens of 


study, were by 


was not necessary in 


the eye, except 


TABLE | The 


“Nephrotoxt 


Wet Wt. of 
Type of Tissue Stroma, Gm 
A. Avascular 
Articular cartilage 0.927 (1.522 
Cornea 4.0 5.788 
Lens 10.0 (100 
B. Poorly vascular 
Heart valves 1.0 1.6 
Tendon 3.8 is 
Ligamentum flavum 1.37 
Inner third of wall of aorta 7.1) 
Outer two-thirds of wall of aorta : 2.7) 


>. Well vascularized 


M yocardium (0.648) 


Lung 0.45 


Vena cava 1.0 
Renal medulla 0.175 
0.5 
1.0 


0.25 - 


(0.351) 
1.053) 

(2.079) 
0.887 
1.841) 

(2.375) 
0.01 


0.025) 


Testis 

Choroid of eye 
Choroid plexus of brain 
0.508 - 
0.486 
0.005 
(0.015 


Ciliary processes of eye 
Renal glomeruli 


* Equivalent weight of washed or shaved washed whole tissue 


which gave negative results 


INTIGENS IN EXTRAGLOMERUI 


" Antigenic | nt of 


Content 


AR TISSUES 


moved, and was unavoidable in the case of 


the myocardium. The effectiveness of the 
exclusion of cells was checked by histologic 
of the The 
varied use during vibration of 8% saline, 
distilled the 


different tissues was based on the effective- 


examination residual stroma. 


isotonic saline, or water for 
ness of one or other of these to remove all 
apparent cellular components. The antisera 
to these stromal elements always brought 
antigen(s) 
the 
It was for that reason that 


out the “nephrotoxic” more 


readily and clearly than when whole 


tissue was used. 
highly cellular parenchymatous organs, such 
as liver and spleen, were purposely avoided, 
since it was felt that it would be very difh- 
cult to obtain acellular from 


an stroma 


them. 
The 


component 


was to determine 


the 


problem what 


of stroma contained the 


“nephrotoxic” antigen(s). Accordingly, a 


Tissues 


Canine 


Dry Wt. of 
Stroma Results ¢ 
Nitrogen Tissue in _ 


, Mg. Supernatant,Gm.t Stroma Supernatant 


101.0 
326.8 


1,003.0 


2.88 


1.0 


0.1 (high-speed including high- 
centrifugate speed centrifugate) 
44.0 4.1 1.0 + 
96.0 (8.4 120.6 mg. solids # with 
1.7 mg. nitrogen 
19.9 (1.9 1.5 
4.6 (38 2.0 
176.0 (13.0 
23.5 - 93.9 
(1.6 - 8.5 
58.3 (6.2) 
0.17 
Average 


(0.02 0.125-0.150 


The values listed represent the maximal amount tested in those 


+ Estimated amount vibrated tissue, cellular components predominantly in supernatant 


+ 


nephritis when tested in dogs 


t A positive result implies that 60% or more of the rabbit antisera to the particular tissue at the stated amount produced glomerulo- 


# Estimate of wet weight of solids in the supernatant could not be obtained because of increase in weight of the stroma by vibrating 


the vena cava in distilled water 


Krakower 


Greenspon 
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number of tissues were tested of varying 
stromal composition and with varied de 
grees of vascularity.** 

It is apparent from Table 1 that the three 
avascular canine tissues, namely, cartilage, 
cornea, and a homogenate of the lens, were 
seemingly devoid of the antigen(s). Every 
antiserum developed in the rabbit to these 
tissues failed to produce glomerulonephritis 
were 


in the dog. The highest levels that 


tested were equivalent to or greatly ex 


ceeded the positive values in_- vascular 


tissues. 


Poorly vascular tissues, such as_ heart 


valves, tendon, ligamentum flavum, and the 
media of the aorta, all failed to yield 60% 
or more positive antisera at all levels, in 
cluding those equivalent to or exceeding the 
positive values in vascular tissues. How 


ever, there were occasional positive sera 


from stroma and supernatant at the differ 
ent levels tested, but there were never 
enough such sera at any level to constitute 
60% 


fore, appear that there was some “nephro 


or more of the total. It would, there 


toxic” antigen(s) in these poorly vascular 
tissues but apparently in low concentration. 

On the other hand, well-vascularized tis 
sues, such as myocardium and the acellular 
stromata of lung, chorioid plexus, choroid of 
the eye, ciliary processes of the eye, renal 


medulla, testis, and the fairly vascular 


media of the vena cava as well as renal 
glomeruli, all yielded 60% or more positive 
antisera at the levels indicated in Table 1. 
Thus, 1 gm. or less of acellular stroma of 
vascular tissues contained 


these canine 


enough “nephrotoxic” antigen(s) to pro 
duce a significant number of positive rabbit 
antisera. Even as in the case of sonically 
vibrated renal glomeruli, a certain amount 
of the antigen(s) lost to the 


was super 


natant. Accordingly, the supernatants of 
these positive tissues contained enough anti 
gen(s) to give positive sera in instances 
but only in a significant number in the case 
of lung at the level indicated in Table 1. 

Surveying the known histologic composi 
tions of the tissues that were tested, it is 
apparent from Table 2 that neither collagen 
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TABLE 2.—Content of Collagen and Elastin in 
Acellular Stromata of Canine Tissues 
Expressed as Per Cent of Dry Weight 
After N/10 NaOH Treatment * 


Type of Tissue Collagen 
A. Avascular 
Articular cartilage 
Cornea 
Lens } 
Poorly vascular 
Heart valves 
Tendon 
Inner third of wall 
Outer two-thirds of 


wall of aorta 


Well vascularized 
Myocardium ¢ 
Lung 

Vena cava 

Renal medulla 


Renal glomeruli 


method of Lowry, 


Katersky, E. M Biol 


* Determinations were made by the 
H.; Gilligan, D. R., and 

m. 139: 795, 1941 
+ 95.5% of the wet weight of the homogenate of the lens 
was dissolved by the N/10 NaOH 


findings in the remaining 0.5% of the wet material 


The values represent the 


t All of the myocardial residue was dissolved by the 
N/10 NaOH 


rived from the striated muscle fibers 


This residue represented fine particles de 
The coarse stroma 


aggregated in the sonic vibrator and was removed 


nor elastin was likely to be the source of 
antigen(s). Both 
little or 


amounts of the antigen. Thus, cornea, ten 


the “nephrotoxic” were 


present in tissues with greater 
don, and renal medulla each contained over 
90% collagen on a dry weight basis after 


NaOH. 


had no apparent antigen; tendon had very 


digestion with N/10 Yet, cornea 
little; whereas renal medulla was well sup 
plied with it. Similarly, aorta with little 
antigen contained approximately 50% elastic 
tissue, whereas lung, which was antigenic, 
contained 35.8%. Reticulum associated with 


the smooth muscle of the media of the 
aorta, a poorly antigenic tissue, was also 
associated with the vascular fibers of the 
myocardium and alveolar septa of the lung, 
Epithelial 


basement membranes, although present in 


tissues very rich in the antigen. 


antigenic tissues, were absent from tissues 
which were similarly antigenic. Although 
the specific interstitial matrices, such as 
those of hyaline cartilage and cornea, were 
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largely removed by sonic vibration, leaving 
in the main fine fibrils of collagen, never 
theless, enough of the matrix coated the 
residual fibers so that if it were of signifi 
cance it would have been found in the more 
antigenic tissues. Even with the realization 
that the chemical composition of less spe 
cific interstitial matrices or so-called ground 
substances varies in different sites, there was 
no evident known variant common to the 
antigenic tissues which was not present in 
the nonantigenic ones with one exception, 
namely, that associated with the vascular 


bed. 


As indicated above, the elastic, fibrous, 


and reticular tissues of the walls of blood 
vessels would not be expected to be the 
site of the “nephrotoxic” antigen(s) were 
they chemically comparable to that of sim 
ilar nonvascular tissues. The poor antigenic 
qualities of the wall of the aorta as com 
pared with the wall of the vena cava could 
hardly be ascribed to the different propor 
(Table 2, 


tissue). It 


tions of these elements for col 


lagen and elastic would 


likely have to be 


more 
ascribed to the richer 
small vascular bed or basically the capil 
laries of the wall of the vena cava as com 
pared with that of the aorta. This is in 
keeping with the observation that tissues 
with abundant “nephrotoxic” antigen(s) 
had a rich capillary bed, 

That capillaries and pre- and postcapil 
laries are the logical site of the antigen(s) 
gains support from two observations. 

In the first place, recent electron micro- 
scopic studies have clearly established the 
distinctive membrane 


presence of a very 


beneath the endothelial cells of capillaries 
sinusoids *°°® 


and similar to that of glo- 


merular capillary basement membrane.**** 
This basement membrane is homogeneous 
in character, with often zones of different 
density. No 


have been identified within it. 


electron fibrillar structures 
The electron 
microscopic observations of Berrian,”® on 
the aorta of the rat; of Fawcett,*® on the 


arteries of the and of Moore and 


47 


testis, 


Ruska,** on small arteries generally point 


K rak ower 


Greenspon 
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to the absence of such a subendothelial 


basement membrane in small and large ar 


teries. In these vessels, the endothelial cells 


are in contact, with the elastica interna 


sending cytoplasmic extensions through its 


fenestrae. On the other hand, the charac- 


teristic capillary basement membrane does 
appear to underlie the endothelial cells of 


terminal arterioles or metarterioles. On the 


venous side, no  submicroscopic studies 


were found relating endothelial cells to its 


adjacent tissues. In view, however, of the 


irregular fine elastic fibers known from 


light microscopy to be beneath the endothe- 
believe that here 


lium, there is reason to 


too, at least in veins with an adequate 
musculature, there may not be a distinctive 
subendothelial basement membrane and the 
endothelial cells are in contact with elastic 
or possibly collagenous fibers. It may be 
assumed, however, that the subendothelium 
of postcapillary venules has the structural 
qualities of capillary basement membrane. 

Secondly, it has been firmly established 
that the 


“nephrotoxic” antigen(s) is an 


integral part of the glomerular capillary 


basement membrane. By removing all the 
cells from isolated glomeruli by sonic vibra- 
60% 


(weight per weight ) trichloracetic acid,** it 


tion® or by their treatment with 
could be shown that practically all of the 


“nephrotoxic” antigenic content of such 
glomeruli was retained in the naked capil- 
lary basement membranes. 

With the compelling evidence, therefore, 
that the basement membrane of capillaries 
and pre- and postcapillaries are the site of 


this specific antigen(s), it became impera- 


tive to compare the volume of the capillary 


bed or better still its area in the different 
positive tissues that were tested. For, by 
so doing, under the controlled rigid biologic 
conditions of testing for the antigen(s), a 
measure of its concentration in these differ- 
It was 
clear that despite every effort that was made 


ent tissues could thus be obtained. 


in preparing the tissues to exclude large 
g g 


vessels as well as cellular components, 


as is clearly detailed in Procedures and 


373 





Methods, a 


content of these tissues could not be made 


comparison of the antigenic 


on the basis of weight. The small amount 


of glomerular capillary basement mem 


brane, namely, 5 to 10 mg., necessary to 
produce positive antisera, Was oul of all 
proportion to that of other tissues. How 
ever, there was relatively litile extraneou 
material associated with the preparation of 
glomerular basement membrane, while such 
material was of varying abundance in the 
others. Thus, there was extremely abun 
dant melanin pigment in the form of gran 
ules, which could not be eliminated from 
the preparations of the choroid of the eye 
or of There were 


the ciliary processes 


countless cytoplasmic granules from the 
striated muscle fibers in the preparation of 
myocardium. There was a large component 


of tubular basement membranes in_ the 


stroma of renal medulla and testis and of 
elastic and fibrous tissue in such structures 
as lung and vena cava 

It was only by knowing the area of the 
that 


could logically compare the concentration of 


capillary bed per unit of tissue one 


“nephrotoxic” antigen(s). 
Capacity and Surface Area of Vascular 
Bed oO; 


Plexus, and Ciliary Pros 


Renal Glomeruli, Lung, Choroid 


The meth 
ods we finally employed to obtain values 
for the these four 


vascular capacity of 


tissues are given in the Procedures and 


Methods 
however, not entirely by election. 
tried to fill a 


The choice of these tissues was, 
Anyone 
who has vascular bed com 
pletely must know that it is almost impos 
extravasates and 


sible for most tissues. If 


the completeness of the filling are to be 
rigidly checked microscopically and if se 


lected portions of the tissue are to be used 


to exclude larger vessels, one must employ 
After 
various trials with materials like Carbowax 


a matrix which can be firmly set. 


and different types of plastics, we found 
that best. It 
could be set readily in the cold, avoiding 


latex served our purpose 


unnecessary chemical agents. Synthetic 
latex as a commercial product was found to 


be best for renal glomeruli, since there was 
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little flow arterioles, 
making it possible to isolate the rubberized 
for the 


found to enter smaller ves 


beyond the efferent 
glomeruli. Natural latex was used 
others. It was 
sels more readily. It also could be combined 
with plasma proteins without coagulating 
the rubber, whereas the synthetic rubber 
Nevertheless, the high 


was Cf vagulated. 


content of ammonia necessary to stabilize 
the latex, natural or synthetic, automatically 
served as a powerful vascular irritant. It 
is generally agreed that to obtain any de 
gree of filling live tissues in most instances 
must be used. Consequently, despite com 
binations of the natural latex with Ringer 


l A rcke 


powdered plasma proteins in the proportion 


solution and the addition’ of 
that they are found in blood and despite the 
use of vasodilators, the capillary bed could 
filled in 
except in the above four tissues 

It is of that of the 
used in our attempts to fill the vascular bed, 


not be its entirety or even at all 


interest tissues we 
namely, heart, skeletal muscle, testis, brain, 
and kidney (for an evaluation of the vascu 
lar volume of the medulla), the ones with 
had 


sense filtering organs in three (renal glo 


which we success represented in a 
meruli, choroid plexus, and ciliary process) 
and a low-pressure system in the fourth 
(lung). It is as though the vessels leading 
into the capillary beds of these tissues were 
ever so much less irritable than those of 
other organs. 

The dye of the commercial latex at no 
time diffused out of the capillaries. Ac 
cordingly, it was possible to compare the 
results of the gravimetric analysis of the 
rubber content of the latex-infiltrated glo 
meruli with the spectrophotometric value 
obtained by extraction of the dye from the 


The 


spectrophotometric value was 8% less than 


glomeruli with  o-dichlorobenzene. 


the gravimetric one. However, in the case 
of the natural latex with dye added, the 
latter did diffuse out of the vessels on 
The spectrophotometric values, 
76.6% 

The 


values for the capillary volumes of the four 


occasions. 


accordingly, were 25.6% up to 


greater than the gravimetric ones 
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[ppr 
Dy i- 


rABLE 3 
/ r 


rimate 


sue and Total Capillary 


Renal glomeruli 
Lung. 
Choroid plexus 


Ciliary processes 


* This represents the 


trated 
diameters respectively 
t Area of « 


letermined from the 


samples he extrem rang 
spillary ed for total 


Table 3 


the determination o 


tissues in are therefore based on 


f the weight of rubber 
in the samples after appropriate digestion 


30% KOH 


Table 3 


of the tissues with hot 


much 
of the 


It can be seen from how 


greater was the vascular volume 


renal glomerulus per milligram of dry tis 
sue than that of the other three tissues 
Lung, ciliary processes, and choroid plexus 
had decreasing volume per milligram of dry 
The differences 


The 


when 


tissue, in the order given. 


between these were not very great 


differences were more 


striking 
the areas were determined. Even within the 
capillary tufts of the latex-filled glomerulus, 
the differences in diameter of the primary 
the the 


vessels meeting to form the efferent arteri 


divisions of afferent arteriole and 


ole with those of the peripheral capillaries 


were appreciable rhey varied from 46.8u 


to 4.24. However, the most frequent capil 


lary diameter was 8.6n. In the latex-filled 


ciliary processes, despite the fact that all 


vessels are capillaries, their distensibility 


was such that they varied from 4.24 to 


74.4y in diameter, with the most frequent 


capillary diameter being somewhere between 
16.6y and 51 ly 
plexus, the commonest capillary diameters 
5 and 17.0p; 


the 


In the latex-filled chorioid 


were between & the smallest 


was 6.4un. However, maximum diam 


eter of the included smaller arteries and 


veins did not exceed 127.6y. 
In the case of the immediate subpleural 
portion of latex-infiltrated lung, the vast 


capillary bed had a minimum of 6.3,, in 


Krak mer 
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Capacity and Area of Capillary Bed per 
Area 
to Produce a Stgnificant Per Cent of 


liameter of the capi 


smount of dry tissue essential to produce positive 


TISSUI] 


Mill 
unt of Tissue 
itive Antisera 


for Am 


Po 


spillary Bed/ Mg. Capillary Bed/ Mg Cc 


Dry Tissue, 
Area X10* sq. * 


apillary Bed for 
Pos. Antisera, 
Area X10° sq.p ft 


Dry Tissue, 


Vol X10* cu. 
4.2 0.77-8.6 10.5 
410.8 
66.4-240.5 
124.3 


2.0 0.09-2.7 
0.94 


0.44 


0.09-1.9 


0.20-3.5 


lary vessels most frequently encountered in the latex-infil 


es are given in the parentheses and are derived from the vessels with maximum and minimum 


antisera 


diameter, an average of 8.5u, while the 


largest arterial or venous branches did not 
exceed 178.7. In both choroid plexus and 
lung, it was felt that the immense capillary 
bed the 


larger that 


so overshadowed relatively few 


vascular radicles the volumes 


and areas represented in effect a pretty 
close approximation to that of the capillary 
bed proper 

With use of the most frequent capillary 
diameter, the areas of these vascular beds 
were determined and are listed in Table 3 
of 0.44> 
10°u?, or 4.4 sq. cm. per milligram, of dry 
10°17, 


or 42 sq. cm. per milligram, of dry tissue 


They varied from a minimum 


tissue for ciliary processes to 4.2> 


for renal glomeruli 

To determine the total area of “capillary 
bed” necessary to produce a significant per 
centage of positive antisera for any of these 
tissues, one had only to multiply the given 
areas by the amount of fat-free dry whole 
washed or shaved-washed and _ perfused 
tissue comparable to the amount of soni 
cally vibrated material that was essential to 
produce these positive results. These values 
are listed in Table 3 

The range of values given for chorioid 
plexus was felt to be necessary. Significant 
numbers of positive antisera were obtained 
250 450-475 mg. of 


vibrated plexuses, respectively. 


with and sonically 
But 


were weakly positive in the main. 


these 
With 
870-900 mg., however, better positive anti 


sera were obtained. 





It seems clear that if the biologic testing 
of the “nephrotoxic” antigen(s) is a meas- 
ure of its concentration, then the basement 
membrane of glomerular capillaries has 10 
to 20 times more of the antigen(s) (requir 
ing 10 to 20 times less vascular area) to 
provide presumably an equivalent amount 
of the antigen(s) than choroid plexus or 
ciliary processes and 40 times more than 
the capillaries of the lung. It is of interest 
that there is such gradient. The glomerular 
capillaries with the highest concentration of 
the antigen(s) operate at a high hydro 
static pressure of more than 60 mm. Hg. 
The systemic capillaries with an interme 
diate concentration of the antigen(s), as 
represented by the choroid plexus and 
ciliary processes, operate at a balanced hy 
drostatic pressure of approximately 25 to 
30 mm. Hg. Thus, in the case of the capil 
laries of the eye, although the intrinsic 
pressure is presumably about 50 mm. Hg, 
this is counterbalanced by an intraocular 
pressure of about 25 mm. Hg.** The capil 
laries of the lung with the lowest concentra- 
tion of the intrinsic 


antigen(s) have an 


pressure of about 5 mm. Hg. These find 
ings are in keeping with those reported 
the 


changes in 


previously,”’ relating the content of 
“nephrotoxic” ancigen(s ) to 
pressure within renal glomerular capillaries 
and to corresponding changes in_ tension 
membrane. 


within the capillary basement 


With increase in glomerular capi'lary pres 


sure as with vena cava constriction above 


the level of the renal veins, there was an 
concentration of the 
with 


renal hypertrophy with presumed increased 


apparent increase in 


antigen(s), whereas compensatory 
blood flow and fall in pressure within the 
glomerulus, there was an apparent decrease 
Neo- 


natal glomeruli operating at a lower pres 


in concentration of the antigen(s). 


sure also contained less of the antigen than 
in the adult. 

It would appear that in the organization 
of the capillary basement membrane in dif 
ferent locales there is a quantitative rela- 
materials 


tionship between the structural 


that go to form the membrane and the pres 
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sure, flow, and filtration characteristics of 
the particular capillary bed. The “nephro- 
toxic” antigen(s) as an integral part of the 
membrane would be expected to share in 
these quantitative variations. It is possible 
that there may be a constancy in the struc 
tural organization of the basement mem 
brane in different capillaries and that the 
variations noted here may be an expression 
of its thickness. The smaller surface area 


of glomerular capillaries would with a 
thicker basement membrane give rise to a 
total volume of membrane, or mass of mem 
brane, equivalent to the larger surface area 
of pulmonary capillaries but with a thinner 
this 


thickness of capillary basement membranes 


membrane. However, difference in 
is not easy to establish in view of the differ- 
ent states of expansion of the capillaries and 
data 
scopic studies of 


the insufficient from electron micro 


such measurements for 
different capillary beds in one species. Two 
examples are chosen for illustration. Meas 
urements given or those that were made 
of the thickness of the basement membrane 
of some of the illustrated electron micro 
scopic pictures of capillaries are as follows 
In Hall's ® 
capillaries, the thickness of the basement 
0.194 to 0.23 n, 


illustration of rat lung 


illustration of rat glomerular 


membrane varied from 


78 


while in Low’s 
there was a variation in thickness of capil 
lary basement membrane from 0.096, to 
0 l6n. 


the rat glomerular capillary basement mem 


Pease’s estimate of the thickness of 


brane was 0.1lpu. In the case of the mouse, 


1 


Yamada’s*! estimate of the thickness of 


glomerular basement membrane 
0.08 u Dalton,” O.1p; 


Karrer’s ® reproductions of electron micro 


capillary 
was and that of 
scopic pictures of the capillary basement 
membrane of mouse lung yielded estimates 
varying from 0.07» to 0.22» in thickness, 


while Ekholm and Sjéstrand’s ** estimate of 
the thickness of the periendothelial space in 
mouse thyroid was 0.15 to 0.24. Hence, 
for the present, more information will be 
necessary before it can be ascertained 
whether in the case of glomerular capil- 
laries, for example, there is more “nephro- 
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toxic” antigen(s) per unit amount of 


basement 
of the 


membrane, i. e., greater density 


antigen(s), or whether there is a 


greater amount of basement membrane per 


unit surface area with uniform density of 
the antigen(s) 
that the 


basement membrane will not be significant 


It seems more likely, how 


ever, differences in thickness of 
enough to account for the observed differ 
that both 


density rather 


ences in antigenic content and 


variants but particularly 
than the amount of membrane per unit sur- 
face area are at play in explaining these 
differences. 
Subendothelium of 
With 


capillary area which is necessary to contain 


Aorta and Vena Cava 
a knowledge of the range of total 
an adequate amount of the “nephrotoxic” 
antigen(s) for positive biologic tests, the 
subendothelium of larger vessels was reex 
amined for its possible content of the anti 
third of the wall of the 


gen(s). The inner 


aorta had yielded predominantly negative 
antisera where up to 5 gm. of sonically 


had 


from a surface area of as much as 103 sq. 


vibrated material been used, derived 


cm. The positive results with the wall of 
the vena cava were obtained with 1.0 gm. 
total 
The superficial 


of vibrated material derived from a 
surface area of 14 sq. cm 
intimal scrapings of these two vessels were, 
therefore, tested. Care was taken to include 
the superficial elastic membranes, but every 
attempt was made to avoid the capillaries 
of the vasa vasorum. This was less difficult 
in the case of the aorta, where the vessels 


are largely in the outer media, but was 


fraught with difficulty in the case of the 
vena cava, where these vessels almost reach 
the intimal surface. 


Table 4 


mg. of surface scrapings derived from 300 


Nevertheless, it can be 
seen from that values up to 351 
sq. cm, of aorta and 304.2 mg. derived from 
300 sq. cm. of vena cava failed to yield a 
significant number of positive antisera. The 
area represented in these trials is approxi 
mately three times that of the minimal 105 
sq. cm. of glomerular capillaries necessary 
number of 
falls 


to give a_ significant positive 


antisera. However, it short of the 
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TABLE 4—The “Nephrotoxic’ 
f the Superficial Sha 
f Canine 


Antigenic Content 
ngs from the Inner Layer 
Aorta and Vena Cava 


Av. Surface 
Area from 
Which 
Shavings 


Av. Wet 
Wt. of 


Shavings, 


Positive 

Antisera 

Antisera 
Tested), No. 


Derived, 
8q. Cm 


150.1 
197.5 
300.7 
4,685.4 


Vena cava 75 84.7 
177.3 
301.1 


values for the other systemic and pulmo- 
nary capillaries. To rectify this, aorta was 
tested for areas of approximately 4600 sq. 
cm., exceeding the maximum of 2400 sq. 
cm. for systemic capillaries and 4100 for 
The 


extensive 


pulmonary capillaries. surface scrap- 


ings from this area of aorta, 


like- 


wise failed to yield positive antisera. It 


amounting to an average of 4.7 gm., 


may be concluded, therefore, that the elas 


tica interna of arterial vessels and the sub- 


endothelium of venous vessels contain little 


if any of the specific “nephrotoxic” anti 


gen(s). 


Comment and Summary 


The present experiments establish a defi 


nite association between the content of 


“nephrotoxic” antigen(s) in a tissue and 


its vascularity. In the case of large blood 


vessels, such as aorta and vena cava, the 


content of the specific antigen(s) is again 
related, less 


to anything specific in the 


subendothelial tissues or in the media 
proper than to the extent of the vascularity 
of the wall. The antigen(s) accordingly is 
in all likelihood associated with vessels of 
small size and more particularly with those 
of capillary and pre- and postcapillary di- 
that 


basement 


mensions. It is in these there is a 


specific endothelial membrane 
which is replaced by an elastica interna in 
arterial vessels and which may likewise be 
absent in the subendothelium of veins. Cap- 
illary basement membranes, according to 


electron microscopic observations, are char- 
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acterized by a homogeneous structure with 
varying zones of density but with no fibril 


lar components. They are in essence similar 


to glomerular capillary basement mem 


branes. In view of the known “nephro 


toxic” antigenic content of the latter, there 


is compelling reason to believe that the 


“nephrotoxic” antigen(s) in tissues gener 


ally is a component of the capillary and 
pre- and postcapillary basement membranes 

The failure of Baxter and Goodman * to 
demonstrate the presence of “nephrotoxic”’ 


antigen(s) in certain vascularized tissues 


is no proof of its absence. In fact, other 
investigators have shown that brain, muscle, 
contain the specific antigen(s) 


and liver 


(loc. cit.). Ovary was not tested in the 


present experiments, but its counterpart, 


the testis, clearly contained the antigen 
Spleen and adrenal have not been tested 
by others or by us, but in view of their 
parenchymatous and cellular nature there 1s 
reason to believe that inadequate amounts 
of tissue were used for immunization and 
that antibody production to the specific anti 
gen(s) may have been suppressed by the 
large cellular component. 

There are also quantitative differences in 
the amount of “nephrotoxic” antigen(s) in 
different capillary beds. However, the pres 
ent findings are not in accord with those of 


Baxter and Goodman.* In order to com 
pare the concentration of the specific anti 
different following 


gen(s) in tissues, the 


seemed essential. It was preferable that at 
least all the cells of the tissue be removed 
in order to reduce the number of nonspe 
The minimal amount of such 
had to be 


necessary to produce positive “nephrotoxic” 


cific antigens 


tissue determined which was 


antisera under rigid standard conditions. 


The weight of the tissue, however, was an 
uncertain basis for comparison of the con 
centration of the specific antigen(s), since 
amounts of stroma and 


there were varied 


other elements, such as melanin, included 
in the preparation of the acellular material 
used for immunization. In view of the 
apparent presence of the antigen(s) in cap 
illary basement membranes, the only certain 
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basis for such a comparison was the deter 
mination of the area of capillary bed in the 
minimal that 


Owing to the overwhelming diffi- 


amount of tissue was em 
ployed. 
culties in determining the total volume or 
area of a capillary bed, the present results 
are based on the findings in four tissues, 
namely, renal glomeruli, choroid plexus, 
ciliary processes, and lung. 

It is estimated that of these four tissues, 
contain 


the capillaries of renal glomeruli 


10 to 20 times more “nephrotoxic” anti 
gen(s) than those of chorioid plexus or 
ciliary processes and 40 times more than 
those of lung. Interestingly enough, this 
is a relationship in keeping with the hydro 
static or filtration pressures to which the 
basement membranes of these capillaries are 
that 


temic capillaries, which are exposed to a 


exposed. If it is assumed other sys 


hydrostatic pressure of 25-30 mm. Hg, have 
an amount of ‘“nephrotoxic’’ 


that of 


antigen(s ) 


equivalent to choroid plexus or 


ciliary processes, then it would no longer 


be a question of different tissues having 


different amounts of the specific antigen(s). 
It would rather be that per unit area of 
capillaries, glomeruli have the highest con 


centration, other systemic capillaries an in 


termediate value, and pulmonary capillaries 
the least. It 


may be otherwise for some 


systemic capillaries, such as the sinusoids 
of spleen or liver. 

It is reasonable to relate the high con 
centration (in terms of unit area) or prob 
able density (in terms of unit volume or 
mass) of the “nephrotoxic” antigen(s) in 


glomerular capillary basement membranes 
to the production of a glomerulonephritis 
That 


the kidneys and in all likelihood the glo 


with heterologous antiorgan antisera. 


meruli rapidly clear the circulating blood 


of its content of specific “nephrotoxic” anti 
bodies is well exemplified by the following 
experiments. Sarre and Wirtz clamped 
the artery to one kidney of an animal and 


then injected a “nephrotoxic” antiserum 


intravenously. The clamp was removed 15 
minutes after the injection. The clamped 
kidney subsequently failed to develop or 
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at least developed a mild glomerulonephri 
tis, whereas the unclamped kidney devel 
Within the 


period of 15 minutes, therefore, the circu- 


oped classically severe lesions. 


lating blood had been so depleted of its 
that the 
clamped kidney no longer was able to de 


“nephrotoxic” antibody content 
velop a full-blown glomerulonephritis. Con 
both 
clamped for 15 minutes, both kidneys devel- 
We? 


that if one ligated the ureter of a dog and 


versely, when renal arteries were 


oped glomerulonephritis. reported 
allowed the kidney to become hydroneph- 
rotic over a 3- or 10-week period, in effect 
the blood flow to this kidney was so reduced 
that except for scattered minor lesions it 
failed to develop a classical glomerulonephri- 
tis when the animal was given intravenous 
injections of a potent rabbit anti-dog-glo- 
merular-basement-membrane antiserum. If 
the antiserum was injected after the renal 
artery to the opposite healthy but compen 


had 


subsequently, 


satorily hypertrophied kidney been 


clamped, here again, this 


kidney but not the hydronephrotic one de 
veloped a classical hemorrhagic glomerulo- 
nephritis even though the clamp was 
retained on the artery for half an hour. In 
other words. once the renal circulation had 
been excluded, the “nephrotoxic” antibodies 


blood 


appreciably depleted or cleared by the vast 


in the circulating stream were not 
extrarenal capillary bed within a half hour 
at least 

It is unlikely that the differences in con 
centration of the specific antigen(s) in these 
capillary beds could completely explain 
Other factors undoubt 
Aside 


volume of blood flowing through the kidney 


these observations 


edly are at play. from the large 
(one-third of the cardiac output in man) 
and the high filtration pressure within the 
glomeruli which would tend to bring the 
specific antibodies more rapidly and more 
easily in contact with the antigen, there are 
the recent electron microscopic observations 
that the endothelium of the glomerular capil- 
laries is an exceedingly thin porous or 


fenestrated membrane permitting ready 


contact of antigen and antibody. In capil- 
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laries elsewhere, the endothelium is as a rule 
an intact well-bordered cell serving as a bar 
rier to such union of antigen and antibody. 
However, according to Maynard, Schultz, 
Pease,™ a endothelium is 


and fenestrated 


found in other extraglomerular capillary 
sites, including, according to Pease ™® the 
intertubular cortical capillaries of the kid 
that the 


antigen(s) is so bound in extraglomerular 


ney. It may be “nephrotoxic” 
capillary basement membranes that it is not 
as available to unite with the specific anti- 
body as it is in the case of the glomerulus. 
This, in conjunction with the lower concen 
tration of the specific antigen and an endo 
thelial barrier in extraglomerular capillaries, 
may explain the lag in their uptake of 
circulating specific “nephrotoxic” antibodies 
as well as the 


lack of any morphologic 


vascular changes 


It has been our contention that collagen 


forms anywhere from 76% to 83% of the 
total composition of glomerular capillary 


basement membrane,** despite the lack 


noted by electron microscopic studies of 
This, 


together with muco- or glycoproteins and a 


fibrils, banded or otherwise, within it. 


possible lipid component,*! as indicated by 


chemical analyses of glomeruli, tends to 
bring its composition in line with that of 
the broad group of reticulins as defined by 
Robb-Smith.°. These contain a complex 
glycolipoprotein and a collagenous base. It 
is understandable how there very well might 
be antigens in common within these two 
types of structures not necessarily related 
to the “nephrotoxic” Since 


one. extra- 


glomerular capillary basement membranes 


behave in great part in the manner of 
glomerular capillary basement membrane, 
particularly in the studies with fluorescently 
tagged antibodies, it is not too remote to 
suggest that capillary basement membranes 
generally have a comparable composition. It 
is tempting, too, to speculate that in the 
make-up of these vascular membranes the 
“nephrotoxic” antigen(s) represents a dis- 
tinctive and specific chemical substance 
which may play an important role in the 
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Fig l Isolated latex 
filled renal glomeruli; re 
duced 20% 


x 50 


trom 


ag 


permeability or filtration qualities of capil 
laries. 


Conclusions 
The 


poorly vascular and highly vascular canine 


acellular components of avascular, 
tissues were tested for their “nephrotoxic” 
antigenic content. It was shown that vascu- 
larized structures only contained the spe 
cific antigen(s) 

With reference to the size of the vessels 
concerned, it was found that the “nephro- 
toxic” antigenic content of large vessels was 
related to the abundance of fine vessels of 
their medial coats 


the vasa vasorum in 
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we : 


Fig. 2 


filled renal glomeruli seen 


Isolated latex 


at higher power; reduced 
20% 


from mag. * 350 


rather than to any specific subendothelial or 
medial tissues 
facts 


presence of the 


these findings to the 


Applying 
gathered regarding the 


“nephrotoxic” antigen(s) in glomerular 
capillary basement membrane, the conclusion 
was reached that this specific antigen(s) 


likelihood to be 


and was part of capillary and pre- and post- 


was in all found within 
capillary basement membranes universally. 
The 


arterial system and probably the fine elastic 


lamina of the elastica interna of the 
fibers of the veins in serving as a substitute 
for a capillary basement membrane con 


tained little if any of the specific antigen(s). 
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Figure 3 Fig. 4.—Enlarged view of the latex-filled 

choroid plexus from the lateral ventricle, to 

Fig. 3.—Brain, to show latex-filled choroid Show tortuous close-set capillaries. Larger ves- 

sels, as seen to either side of the photograph, 
were dissected away; x 18. 


plexuses of lateral and fourth ventricles. 


eye submerged in itso Fig. 6 Enlarged view of isolated latex-filled 
» show the vellow latex ciliary processes. Note the rich close-set capil 
lary bed; x 13 
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It was further shown that the concentra 


tion of the “nephrotoxic” antigen(s) in 


| basement membranes 


glomerular capillary 


10 to 


was 20 times greater than those in 


extraglomerular systemic capillaries such as 
in chorioid plexus and ciliary processes and 
10 times greater than those in pulmonary 
hese 


lated to the tensions placed upon, and the 


capillaries differences could be re 


filtration or hydrostatic pressures applied to, 
the capillary basement membranes 1n these 


different locations rhey seemed to serve 


as an index of the structural and functional 


adjustments of the capillary basement mem 
branes to different hemodynamic factors. In 


that regard, it was suggested that the 


“nephrotoxic” antigen(s) may be a specific 


chemical substance capable of playing an 


important role in the permeability or filtra 


tion qualities of « ipillaries. 


The high concentration of the “nephro 


toxic’ antigen(s) in glomerular capillary 
basement membranes ippeared to be an im 
portant but not the sole factor in rapidly 
clearing the blood stream of injected “neph 
antibodies and in 


rotoxic”’ accounting for 


the ensuing glomerulonephritis. Conversely, 
the lower concentration of the specific 
antigen(s), an endothelial barrier and a pos 
so that it 


sible bonding of the antigen(s) 


was not as readily available to circulating 


“nephrotoxic” antibodies, might explain the 
lag in the uptake of these antibodies and the 
failure in the production of any morphologic 
changes in extraglomerular capillaries 
Departr ent of P 
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Vascular Changes in the Arthus Phenomenon 


J. W. GODDARD, M.D., Boston 


The that characterize 


anaphylactic shock likely are not due, as be 


lieved in the past, to “free” antibodies, to 


tissue reactions 


the toxicity of the “circulating” antigen 
antibody complex, or to a substance derived 
from an antigen-antibody interaction either 
in the blood stream or in the milieu inté 
rieur Rather, anaphylactic shock probably 
involves disturbances in or on susceptible 
cells, such as histiocytes and smooth-muscle 
cells, caused by a primary antigen antibody 


Chis 


numerous 


“cellular” hypothesis, sup 


coupling 


ported by immunologic experi 
ments and more recently by the work of 
Shields Warren 


substantiated by the 


and I: J Dixon,! 1S de 


cisively well-known 
Schultz-Dale experiment: The involuntary 
muscle (ileal strip, uterine horn) contracts 
Locke solution bath, 


minimal of the 


in vitro, in a upon 


addition of traces specinc 


antigen. The contraction takes place even 


after the sensitized uterus has been per 


fused with isotonic solution prior to its 


removal from the body. Similar reactions 


occur also in vivo: Intermittent segmental 


arteriolar spasm can be visualized in sen 
sitized rabbits carrying a transparent Clark 
chamber grafted in their ears when a shock 
ing dose of antigen is instilled into the 
chamber.? 


The 
with 


present investigation 1s concerned 


lesions of the smooth-muscle fibers 


during anaphylaxis. Effector organs, such 
as the bronchioles of guinea pigs dying in 
anaphylactic shock, were not believed to be 
suitable, because in this situation death due 
to respiratory obstruction and suffocation 1s 


almost instantaneous, leaving no time for 
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the development of lesions of the bronchiolar 
muscles | therefore selected for study the 
blood 


focal anaphylactic reaction of the 


vessels in the 
Arthus 


type, in which repeated local administration 


muscle fibers of the 


of antigen could exert a cumulative effect 


upon the morphology of the muscle coats. 


Material and Techniques 


Che classical Arthus experiment was duplicated 


Rabbits were used; normal horse serum served as 


antigen; imyections were made subcutaneously in 


the abdominal wall at six- to seven-day intervals 


in amounts of 5 ml. Injections were continued 


until local necrosis replaced the indurated swelling 


of the skin (seven weeks) In a few rabbits 


necrosis failed to even after 10 weekl 


appear 


inyections. One day prior to and one day after eacl 


injection one or two rabbits were killed by a blow 


on the head and tissue specimens from the ib 


dominal wall were prepared. In some instances 


additional animals were killed in midweeks 
lo mimimize artifacts due to oozing out of the 


] 


tremendous edema and to the great mobility of the 


various tissue layers over each other, a cork frame 


almost the size of the rabbit's abdomen was used 


lhe borders of this cork frame had been pierced 
by pins which were pushed as deep as possible into 
skin Che 
the outside borders of the 


additional 


the rabbit's latter was dissected along 


cork frame and secured 
The 


prised skin, subcutaneous tissue, muscle planes, and 


to it witl pins preparation con 


parietal peritoneum and contained the focal zone 


and its periphery up to unaffected areas. The speci 


men was immediately placed in a refrigerator, 


from which it was removed only when it developed 


a rubbery consistency: it was then cut with a 


razor blade into small fragments, their location of 


origin being carefully identified 
Several chromate fixing fluids were used (Zenker, 


Helly, 


Parafiin blocks were sectioned either perpendicular 


Maximow, or modifications thereof) 


to the abdominal wall (sagittal and coronal sec 
tions) or tangentially to it (frontal sections). The 
latter furnish more information, especially at cer 
tain levels; the former are of topograpical value 
Masson's 
Other stains used on alternate sections, when war- 


Mallory’s or 


hematoxylin, Nocht-Maximow’s azure-eosin, 


trichcrome stain was used routinely 


Heidenhain’s iron 


Mal 


ranted, included 





ASCULAR CHANGES IN ARTHI 


lory’s phosphotungstic acid 
tuchsin, Gomori’s or Laidlaw’s silver impregnation 


for reticulin, and Weigert’s fibrin stain 


Results 


The lesions in general did not differ from 


those previously described by Rossle *° and 
his school*? and can be termed a “quan 

The 
bundles 


titatively”’ 


enhanced inflammation 


swelling of the 


connective tissue 


was enormous and caused a disappearance 


of the fibroblastic nuclei and compression 


of the capillaries, so-called focal blanching. 
] £ 


Che edema was overwhelming and was not 


Tresor bed 


even toward the end of the 


experiment. Blood stagnation, fibrin dep 


osition, fibrinoid degeneration, and accu 


mulation of polymorphonuclear cells, and 


especially eosinophils, were more conspicu 


than in 


ous 


normergic inflammations 


Walling off of the necrotized area occurred 


earlier and was more complete. Scarring 


was also hastened. The entire evolution was, 


to use an expression coined by RoOssle, 


“stormy 


Perivascular histiocytic granulomata were 


present In previous * this 


finding, in guinea pigs, differentiated “quali 


investigations 


tatively” the hyperergic inflammation from 
lhe 


granulomata in another species substantiates 


a normergic one presence of these 


their importance as characteristic of hy 


perergic inflammation 


1.—Group of ves 
1, vessel without 
endothelial nuclei; 2 
umen, heavy muscle coat; 
histiocytes outside the 
media forming a reinfor« 
weekly 
serum injections 
Helly, Masson; scale, 50 


ing ring Four 


horse 


G vddard 


hematoxylin, aldehyde 


S PHENOMENON 


This granuloma failed to appear, in the 


rabbit, prior to the third or fourth weekly 
injection, whereas in the guinea pig the 


g 
granuloma was present a few hours after 


the shocking injection. Moreover, these 
granulomata were, in the rabbit, scarce, in 
conspicuous, and best described as miniature 
granulomata, whereas in the guinea pig they 


The 


diffuse accumulation of histiocytes and re 


constituted the most important feature 


lated cells was more impressive in the rabbit 


than in the guinea pig. It 


may be 


spe ken 


of as a generalized histiocytosis. Plasma 


cells were fewer in the rabbit than in the 


guinea pig; eosinophils, slightly more num 
All other 


cumulation of polymorphonuclear cells, and 


erous. such as edema, ac 


signs, 


fibrinoid degeneration, were almost identical 
in both 


species \ fibrotic metamorphosis 


of the granuloma, as seen in the guinea pig, 
was not observed in rabbits, perhaps because 


each new weekly injection induced new 


granulomata and prevented the older ones 
from undergoing fibrotic changes 


In addition to the lesions noted above, 


vascular changes were observed which have 
not been seen in the guinea pig and are not 


described in the literature 


l’ascular Changes Phe 


changes in the 


vessels ran the entire gamut from disap 


pearance of the endothelial cells (Fig. 1) 


to the disintegration of the vessels as a 


whole. lurther changes, described below, 





Fig. 2.—Arteriok The clamping 


contraction has brought about narrow 


lumen and changes in the 
cells. The 
original media is made up of a ring of 


dark 


This coat is remforced by two 


ing of the 


shape of the endothelial 


three cells with hypertrophic 


nuclei 


apposed rings, made up of histiocytes 


Some of the latter are anastomosed 


and may or may not simulate smooth 
muscle fibers. The significance of their 


vacuoles is not clear Even outside 


the apposed rings the histiocytes and 


their derivative cells are circumferet 


tially arranged. Rare plasma cells, 


polymorphonuclear cells, and 
phils. Seven weekly injections. Zenker, 
Masson ; 
10m 


eosino 


Camera lucida drawing. Scale, 


appeared to be of particular interest because 
they can be correlated with the physiology 
peculiar to the hyperergic inflammation and 
because they manifested in the arteriolar 
tree an “allomorphism” not evidenced in 
normergic inflammatory reactions. 
Arterioles.—In the granulation tissue or 


in its rim bordering the central necrotic 
mass arterioles showed markedly narrowed 
lumina and thickened media (Figs. 2, 3, 5, 
latter 


and 6), the representing either hy 


pertrophy, hyperplasia, or both. In small 
arterioles the number and volume of nuclei 


were increased beyond normal ratios ( lig. 


1IRCHIVES OF PATHOLOG) 


6). Participation of greater numbers of 


contractile elements than are normally pos 
sessed by the media was demonstrable 
These contractile cells originated either in 
12) and at the 


the media (Figs. 6, 7, and 


expense of muscular elements proper or, 


in adventitia, from histiocytes (Figs. 2, 3, 
5, 7, and 8). 

In Figure 8 rings of smooth-muscle fibers 
are shown both inside and outside the ad 
ventitia. One ring appeared to be derived 
from the media proper, spreading peripher 
ally into the adventitia, where it entered into 


contact with neighboring muscle fibers. The 


ht 


~~ 


Fig. 3 Artery. Thick 


ened media, with nu 
merical increase of nuclei 
and whorling of smoot! 
Adventitial 
mvoblasts Six 


Helly, 


muscle fibers 
ring of 
weekly injections 

Masson; scale, 100u 
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= 


Fig. 4 


fibers 


Arteriole. Circular smooth-muscle 


interspersed with few whorled or 


Moulded on 


the media and separated from the latter by 


longitudinally running elements 


onnective tissue fibrils is a 


cells. Three weekly in 
Helly, Masson; scale, 50 


ring of newly 


formed contractile 


yections 


ta” 


periadventitial ring was broken in parts. 


Figure 4 is similar to that just described, 
except the 


muscle fibers to become free and to spread 


for the tendency of smooth 
inwardly and outwardly. 
of 


external 


In the example 
the 
circumferential, but in 


igure 3 serial sections revealed 
ring to be 
some cases the periadventitial fibers ran in 
spiral fashion 
In Figure 5 smooth-muscle fibers are 
demonstrated which reinforced an arteriole 
on one side only; some are cut obliquely, 
and some, longitudinally, although the media 
was almost perfectly transversely sectioned. 
These bundles were not in immediate con 


tact with the media but were separated from 


Arteriole. Des 


intima ™ 


Fig. 5 
juamating mie 


of the medial smooth 


muscle fibers run almost 
perpendicularly to the 


Most 


peripherally, and circum 


circular medial coat 
scribed by argyrophilic 
fibrils, is an ectopic bundle 
of smooth-muscle fibers 


Seven weekly injections 
Gomori's silver impregna 


Masson's 


chrome; scale, 


tion and tri 


30u 


Gi »ddard 


The 


same Figure shows histiocytes in apparent 


it by intervening argyrophilic fibers. 


transformation into contractile elements. A 
few of these latter cells showed occasional 
myofibrils. Those without myofibrils had 
rather spindly cell bodies and tapered ends 
that resembled myoblastic precursors (igs. 
2 and 8). The newly formed contractile 
cells, commonly seen around arterioles, were 
in the media 


and subintima (Fig. 10). Here they ran at 


in rare instances also found 
right angle to the medial coat. 

Certain morphologic changes in the nuclei 
were observed. Some of them were twisted, 
showing indentations that suggested a spiral 


torsion (Fig. 6). Twisted nuclei of a simi- 





Arteriole with 


medial 


Fig. 6 
twisted nuclei, 
thickened media. Delicate 
elastic fibrils circumscribe 
single 


almost every 


smooth-muscle fiber 


Seven weekly 


Helly; 
and Mallory’s iron chlo- 


injections 
aldehyde fuchsin 
“ ale, 


ride hematoxylin: 
10u 


lar appearance, incidentally, are not uncom 
mon in the smooth muscle of invertebrates 
In Figure 11, the lumen is almost entirely 


obstructed by an ingrowth of medial fibers 


accompanied by connective tissue bundles 


In this plug the shadowy and_ isolated 


smooth-muscle fibers still showed evidence 


of contraction 


Elastic fibers underwent practically no 


changes. More rarely, an arteriole of the 
essentially muscular type was observed to 
contain delicate elastic fibrils rather ectopic 
ally (Fig. 6) \ complete periarteriolar 
ring was the exception. 

The findings described above were in 
terpreted as reflecting functional changes: 


they were not lesional but were rather adap 
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tative in character. One morphological Ie 


sion was observed, however. This was an 


edema which dissected between and isolated 


the arteriolar smooth-muscle fibers (lig 


12). It was part of the general edema which 
pervaded the focal area and stretched out 


wardly. Despite the arteriolar edema and 


the consequent separation of the individual 


fibers, the muscle was found to be con 


tracted at the moment of fixation 
It should be emphasized that the above 


findings were present in or around the 


granulation tissue and absent in the ar 


teriolar tree of the less involved dermis 


and muscle wall. That the changes were 


seen only in the arterioles of the granulation 


tissue, and not elsewhere, suggests that these 


Fig. 7 Arteriole with hyper 
plasia and hypertrophy of media 
and histiocytes moulded upon 
the circumference of the vessel 
Their spindled shape and huge 
nuclei are more reminiscent of 
histiocytes 
Eight weekly injections. Helly; 
Mallory’s iron chloride hema- 
toxylin; scale, 30g 


myoblasts than of 
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°*s& ; 
7 f - a 
a ~ 


» 


arterioles were recently formed through an 
arteriolization of the new capillaries con 
tained in the granulation tissue. 
lVenules—In most venules the endothe 
lium was detached from its moorings. In 
many instances endothelial cells were found 
Whether still anchored 


endothelial cells showed an in- 


free in the lumen 
or not, the 
crease in size and number and a rounding 
of their nuclei. The last sign perhaps fore 
cast an impending monocytoid metamorpho- 
sis With 
hyperplasia, the increased cells conglomer- 
ated at 


more advanced endothelial 


one point, in a protruding tongue- 
like fashion, the angular extremity of which 


penetrated into the lumen (Fig. 13). 


Fig. 9 


irregular medial contour 


Arteriole with large lumen and 
Circumscribing 
with 


the latter are a few histiocytes, 


wavy protoplasmic ends, not yet a 


nastomosed Seven weekly 


Zenker; Mallory’s 
toxylin; Camera lucida drawing 


injections 
hema- 
Scale, 


iron chloride 


Goddard 


Arteriole wit! 
media surrounded by 


apposed smooth-muscle 


fibers. Outside the ad- 
ventitia are a few aber- 
rant smooth-muscle fibers 
Four weekly imyections 


Zenker; Mallory’s 


photungstic 


phos 
acid hem: 


toxvlin; scale, 504 


:ndothelial spurs or slings also penetrated 
into otherwise unblocked and perfectly pa- 
tent and nonthrombosed venous lumina 
(Fig. 14). Here they became elongated and 
tended to anastomose, forming septa ( lig. 
15). Endothelial cells covered the surfaces 
of the ingrowths with only a scant inter 
posed ground substance that contained oc 


broken, 


In sections impregnated with silver 


casional coiled, or elastic 
fibrils. 


the stroma was made up almost entirely by 


Wavy 


argyrophilic fibrils. These were continuous 
or interrupted, wavy or interlaced in fine 
The 


with the 


meshes, or simply granular. reticulin 


skeleton was continuous reticulin 


scaffolding of the vein. 





ARCHIVES OF PATHOLOG) 


Fig. 10.—Arteriole with an 


ectopic subintimal patch of 


smooth-muscle fibers which 
run perpendicularly to the 
media. Each muscle fiber in 
the patch is wrapped by 
elastic fibrils. Six weekly 
injections. Zenker; aldehyde 


fuchsin; Masson; scale, 10g. 


Fig. 11 Artery with 
intraluminal plug of cor 
nective tissue fibers, inter 
spersed with few still 
contractile shadows ot 
smooth-muscle fibers 
Seven weekly horse serum 
injections. Zenker; Mal 
lory’s  phosphotungsti 
acid hematoxylin: scale 
100m 


Fig. 12.—Arteriole with 
edema of media. Though 
dissociated, the smooth 
muscle fibers show evi 
dence of contractility 
Two weekly injections 
Zenker, Masson; scale, 
1004 
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Fig. 13.—Vein contain- 
ing an intraluminally 


protruding hillock of his- 


tiocytes. Lumen is other- 
wise patent. Five weekly 
injections. Helly, Nocht- 
Maximow;; scale, 100u 


Fig 14 Vein with 
sling-like formations 
penetrating into the patent 
lumen Phe endothelial 
lining on both surfaces is 
visible The ends of the 
digitations are not yet 
anastomosed. Four weekly 
injections. Helly, Nocht 


Maximow; scale, 50g 


Fig. 15.— Vein with 
anastomosed  sling- like 
septa dividing the lumen 
into three compartments. 
Five weekly injections. 
Zenker, Masson; scale, 
50u 


Goddard 





In some cases the ingrowing digitations 
came into contact and engendered a central 
This 


contained a 


or eccentric mass 


cells 


Che latter were arranged in a 


was covered by 


endothelial and core of 
histiocytes 
reticulum-cell pattern and resembled a min 
iature lymph node, without its lymphocytic 
population. The core contained a few capil 
laries ( Fig. 16) 

A physiological interpretation of the in 
traluminal digitations seems difficult. It is 
ventured that owing to their elasticity they 
may create venous eddies. This turbulence 
in the fluid, coupled with a slow flow rate, 
could increase the lateral pressure and hence 
keep the vein, which is bathed by edema, 
from collapsing. They may also act as valves 
or as internal sphincters and as such regulate 


the pressure in the capillaries 


The venous media was involved only in 


exceptional instances, in contradistinction to 
the findings in the arterioles. Lesions of the 
media suggested impending destruction of 


the vessel. In such vessels the wall of the 
venule showed marked thinning out in one 
or more areas of the cross section, alternat 
ing with irregular sausage-like thickening 
in other areas. There were few nuclei and 
marked fuchsinophilia, the fuchsin compo 
nent being taken up even when applied 
simultaneously with other dyes (Xylidine- 
ponceau, or Biebrich scarlet and orange G; 
trichrome). In such 


modified Masson's 
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16.—Vein 


short septa terminate upon 


whose 


a formation made up ot 
anastomosed histiocytes 
(reticulum cells) 
miniature intraluminal 
lymph node-like structure 
is pervaded by capillaries 
Seven weekly 


Zenker, Mallory’s 


photungstic 


imyections 
phos 
acid he T! 


toxylin;: scale, 50g 


cases the argyrophilic reticulum presented a 
coarse, clumped, and broken irregular mesh 
work 

The veins that showed the most marked 
endothelial hyperplasia and septation were 
located marginally, mostly in or next to the 
granulation tissue that walled off the resid 
necrotic 


ual edema or the central 


Pre Ibably the 


mass 
involved veins were newly 


formed and originated from the capillary 


network of the granulation tissue 


Summary 
The 


shock, the Arthus phenomenon, when stud 


local subcutaneous  anaphylacti 
ied in the rabbit showed the following. 
The 


perivascular granulomata 


presence of miniature histiocyty 
These granulo 
mata were less striking than in the guinea 
pig, where they constituted the dominant 


add a 
hitherto 


and distinctive lesion. Granulomata 


“qualitative” character to the 
“quantitative” change of an hyperergic in 
flammation. The granuloma appeared slowly, 
not before the third or fourth weekly in 
jection of specific antigen. 

Invasion by histiocytes, and by cells de 
rived from histiocytes, was marked, and 
diffuse histiocytosis was more extreme than 
in the guinea pig. 

Arterioles and venules showed character 
istic changes, which were totally absent in 


the guinea pig. They consisted of hyper 


lol. 66, Oct., 1958 





VASCULAR CHANGES IN ARTHI 


plasia and hypertrophy of the muscle coat 
in the arterial branches, coupled with the 
presence of surrounding rings of myoblasts 
or histiocytes in myoblastic metamorphosis, 


as well as development of aberrant muscle 


fibers in the media. In the venules there 


was an endothelial ingrowth leading to 


valve-like structures and to formation of 


intraluminal septa 


\ normergic inflammation during its 


evolution exerts an impact only upon true 


mobile or mobilizable mesenchymal cells. An 


} 


hyperergic inflammation, at least in the rab 


bit, induced, in addition to its effects upon 


germane mesenchymal cells, changes in 


mesenchymatous derivatives, the smooth 


muscle cells of the media. 


he repair went beyond normal limits in 


the rabbit and engendered aberrant struc 


tures (allomorphism), whereas during the 


repair of the hyperergic response in_ the 


guinea pig the 


irteriolar tree reduplicated 
This 
1 morphologic adaptation to 


the functional changes occurring in_ local 


normal structures (isomorphism ) 


may represent 
shock, possibly to a spastic constriction in 


the arterial twigs. The functional signifi 


cance of the venous septa was not clear 


Goddard 
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Time-Intensity Factors in Radiation Response 


Il. Some Genetic Factors in Brain Damage 


SAMUEL P. HICKS, M.D.; KENNETH A. WRIGHT, M.S., and CONSTANCE J. D‘AMATO, 8.5S., Boston 


In a previous study’ it was shown that, 


in several strains of mice and in rats, large 


doses of radiation given in very short 


periods of time could produce severe dam 
age to the central nervous system or even 
be immediately lethal. Extremely imtense 
radiation (30,000 rep of 2.5 mev electrons 
in one second, for example ) could kill a 
that is, the animal be 


mouse “instantly,” 


convulsive and was dead within 


after the 


part of the brain that seemed to be involved 


came 


seconds irradiation. The crucial 


in this reaction was the lower half of the 
medulla, for shielding this part prevented 


immediate death. Animals that survived 


such doses developed destructive lesions of 


the forebrain. the retina, and sometimes 


the vestibular and internal ear apparatus, 


with severe accompanying disorders of 


function and convulsive episodes. In these 
studies, special attention was not given to 


genetic factors. In another study,” the 


response of four genotypes to certain types 
and convulsions was com 


of brain injury 


pared. It was shown that methionine sulf 


oximine, an antimetabolite of glutamine 
and methionine that produces epilepsy-like 
convulsions in a number of mammals, would 
DBA/2 


damage in some 


failed 


severely damage the forebrain of 
mice. It produced scant 
other strains of mice and in rats but 
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conspicuously to produce lesions in the C57 
Black 6 
doxically they were susceptible to the lethal 
effects of the DBA 


compared with C57 mice have inborn er 


mice, although somewhat para 


seizures mice when 
rors of brain metabolism characterized by 


deficiencies of certain enzymes concerned 
with oxidative phosphorylations,® and this 
may be related to their susceptibility to 
seizures induced by a number of agents and 
loud (“audiogenic seiz 


especially noises 


ures’). The susceptibility to forebrain 
damage by methionine sulfoximine may be 
partly explained by assuming that in an 
animal whose energy yielding processes for 
brain metabolism are already subnormal in 
with the metabolism of 


terference gluta 


mine, a prime metabolite of the brain, 
would have severe consequences 
These studies, in which the patterns of 


convulsions, liability to death, and produc 
tion of brain lesions were strongly char 
acteristic for the genotype, suggested that 
the same sort of study ought to be made 
comparing effects of radiation on the brains 
of mice of several genotypes. Experiments 
were carried out in which the acute effects 
of large doses of high-intensity radiation 
four strains of mice, 
LAI, and C57 Black 6 
The DBA’s LAF;’s 


were frequently killed immediately, but the 


on the brains of 
DBA/2, DBA/1, 


were compared and 


C57’s were not, and there were differences 
in the pathologic lesions as well as similari 
ties between _ strains. However, the 
mechanisms involved were complex and not 
This 


report will tell about the experiments and 


susceptible to a simple explanation. 


comment on some of the factors that may 
govern the responses in the brain following 


irradiation. 





TIME-INTENSITY FAC 


Experiments 


One hundred male and female mice, twenty 


of the four strains mentioned, 3 to 
the 
Bar 
Harbor, Maine, were exposed to 30,000 rad of 3 
The DBA and C57 


data on their 


each 
old 


Jac kson 


hive ol 


5 months and recently obtained from 


Roscoe B Memorial Laboratory in 


mev electrons in one second 


strains were chosen because brain 


metabolism* and their physiologic responses to 


convulsants*® have been gathered and we are 


presently comparing their responses to several 


the methionine 
The LAF; 


first-generation hybrids 


metabolic inhibitors including sul- 


foximine already noted.* mice were 


included because they are 

have become radiation ex 
work. The 

i 


given in detail 


and they popular in 


perimental method of exposure has 


been before,'* but, in summary, it 


the radia- 
the 


conveyor 


submitting the animals to 


consisted of 


tion by carrying them through the center of 


ard 


exposed at a time, two 


electron beam in cardbo: boxes on a 


belt. Eight animals 


trom each strau The 


were 
pathway through the beam 


was arranged so it the transverse distribution 


of the electrons uniform and a calculable 


animal 
the 


time-integrated dose along the was uni- 


form. The dose down through animal was 


not unmitorm the 101 


5 


ization in depth curve’ for 


mev electrons materials of low atomic 
doses are 


estimated, is such 
OO% 
0.4 


7 here 


weight, 
that 


of maximum, then it 


tron 


close to the st ce ionization is about 
100% at 


0.9 cm 


rises to about 


cm. and falls to 60% a depth of 


is virtually no ionization at a depth of 1.4 cm. For 


J) mev electrons the depti 


} 


of penetration is slightly 


greater, but the iximum dose curve is for practi 


cal purposes similar In previous experiments the 


lose was expressed rep, but in the present ones 


| 


the rad was use 30,000 rad is approximately equal 


to 36.000 rep. In previous experiments the rep was 


1 unit taken to be the absorption, on the average, 


of 8&3 ergs per gt Che rad unit, as used in these 


experiments, ts defined as an energy absorption of 


100 ergs per gram.) The dose reported in these and 


previous experiments®* was the average shown 


in the reference curve, which is 85% of the maxi 


mum. It was further estimated that the brains of 


the mice lay in that the curve where the 


100% of 


part of 


ionization range is between 75% and 
maximum 

Thirty-one of the one hundred animals survived 
24 or 48 hours to be autopsied (with one excep 
seven each of DBA/1, DBA/2, LAF 
strains and ten C57’s. (The exception was a female 


DBA/I1 in 


after 


tion), and 


late pregnancy autopsied four hours 


irradiation. ) 
but 


Complete gross autopsies were 


only microscopic studies of the 
this 
the 


midbrain to 


performed, 


brain were carried out for study. Complete 


serial sections were made of brain stem and 


cerebellum from the the lower end 


Hicks eta 
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of the medulla, and multiple ribbon sections were 
made through the rest of the brain. These were 


wrepared by fixation in Bouin's fiuid, embedding 
pre} ) 


and and 
No animals that died during the 24 hours 


the 


in paraffin, staining with hematoxylin 


eosin 
because 


were histologic findings 


this kind of a 


autopsied 


would have been unreliable for 
study 

The animals were kept under observation dur 
ing the postirradiation period, and at intervals their 
gross behavior, and deaths 


appearance, were re 


ce »rded 
Results 


The general quality of the behavior and 
physiologic responses and the essential na 
ture of the pathologic changes following 
irradiation in these experiments was similar 
to that in previous experiments—that 1s, 
instant death, the development of severe 


neurologic disturbances and _ convulsions, 
the 
not, with certain exceptions, different. The 


of the 


and necrosis of neural elements were 


behavioral and 


the 


time sequences 


physiologic reactions and distribution 


of the lesions in the several strains were 


different, and these will be particularly 
dwelt on here 
Pathologic Changes.—I|n previous studies, 
when large doses of radiation were given 
to a variety of mice and rats certain acute 
changes in the brain tended to occur. After 
several thousand roentgens of conventional 
X-rays, scattered necrotic oligodendroglia 
resulted, the threshold for this in a number 
of strains of mice and rats being around 
1500 r. In 


some granule neurons in the olfactory lobe 


the same range, destruction of 
was a regular occurrence, while neurons in 
the pyriform cortex and neocortex were 


only occasionally destroyed. The granule 


cells of the cerebellum were virtually never 


necrotized by conventional x-rays, given 
at about 100 r per minute up to 10,000 r, 
but the 1000 r 


ver minute, or the radiation was given as 
S 


when rate was boosted to 


megavolt electrons (cathode rays) in 
thousands of rep per second, cerebellar dam 
As 10,000 r or 


was exceeded, irreversible damage to 


age became conspicuous. 
rep 
the became an 


granule cells increasingly 


regular finding, the affected cells disinte- 
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grating completely if the animal could 


be kept alive for several days. Purkinje 


cells and constituents of the molecular 


zone were less often affected. Both X-Tays 


and megavolt electrons, given in massive 


doses (20,000 or 30,000 r or rep) at these 


very rapid rates also damaged neurons 


in the neocortex, hippocampus, and other 
areas, sometimes extremely 


At the 
affected at the 


extensively. 
kinds of 


became in 


same time those cells 


lower doses 
creasingly involved as the dose was raised. 
Rarely these exposures also produced acute 
disintegration of patches of white matter 

necrosis of the myelinated fibers and the 
associated oligodendroglia. Cell destruction 


occurred in the diencephalon and lower 


brain stem, but it was usually scant and not 
feature unless the dose 


The 


formation, olivary region, and dorsal coch 


a prominent was 


very high. neurons in the reticular 
lear nucleus of the medulla were sometimes 
destroyed in numbers. Meningeal reaction 


was absent, and morphologically evident 
vascular damage did not occur except for 
dilatation of some vessels. In young adult 
mice and rats up to a few months of age, 
embryonal neural cells persist in the fore- 
brain beneath the ependyma of the lateral 
ventricles, and these were necrotized by as 
little as 100 to 200 r. 

These generalizations are based on ex- 
periments with a variety of animals in which 


“common” mammalian responses were being 


Summary 


Severe Cerebellar 
Strain Autopsied Damage 
10 
DBA/1 


DBA/2 


* Each + represents 1 anima! 
t In 25 animals of strain 
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Damage of 
Neocortex 


A. M. A. ARCHIVES OF PATHOLOGY 


sought, not differences. In the present ex- 


periments in which the genotype of the mice 


and the dose of radiation was set, many 


of the expected responses materialized but 
the distribution of lesions showed some 
peculiarities and there were real differences 
in patterns of damage between strains. 
Cerebellar granule-cell damage was frequent, 
and severe damage to neocortical neurons 
Was seen in certain animals. Severe rela 
tively focal damage to the lateral medulla, 
a pattern of damage not seen in previous 
experiments, and effects on oligodendroglia 
thalamus 


and neurons in the 


added 


dividual cell changes is already a matter of 


some were 


features. Since a description of in 


record,'* the patterns of injury may be 


given here and some highlights are sum 


marized in the Table. ( Numbers of animals 
will be given only where the animals are 
referred to in more than one place in the 


had 


1), or fairly ex 


text.) C57 mice frequently patches 


(like that shown in Fig 
necrosis, of cerebellar 


tensive regions ot 


granule cells, sometimes associated with 
some regional swelling of Purkinje cells and 
the molecular zone matrix. This chiefly af 
fected the central part of the cerebellum, 
from the nodule forming the roof of the 
fourth ventricle upward. In some instances 
more lateral folia were affected. The severe 
cerebellar lesions usually showed a consider 
able degree of sharp demarcation from ad 


jacent undamaged regions. There was also 


Significant Differences and Possible Trends in Response to Irradiati 


Lesions 


Necrosis of Immediate 


Death ¢ 


Damage to 
Lateral Medulla Pyriform Cortex 
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TIME-INTENSITY 


ated area ot 
nf the cerebellum, chi 


involving the granu 
layer. Local veins a1 


ited 


Fig. 2—Bilateral areas 
»f necrosis in the medulla 
in a DBA/1 mouse (No 

Hematoxylin and 


eosin; low power, X 125 
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necrosis of granule cells in the olfactory 
lobes and an oval patch of necrosis in sec- 
tions of the lateral medulla (like that shown 
in Fig. 2), involving most or all neural 
elements in the region. The medulla lesion, 
demarcated and was approxi- 


was fairly 
mately at the level between the cochlear 


nucleus and 7th nerve above and 10th nerve 
nuclei below. It was principally centered 
in the tract of the 
trigeminal and involved the restiform body, 
more or less, in its lower extent. Two C57 
animals (No. 1 and No. 30) had extensive 


spinal nucleus and 


circumscribed regions of necrosis of the 
superior and inferior colliculi of the mid- 
brain, and one of these also had necrosis 
of the the 
mammillary body of the hypothalamus. 


lateral and medial nuclei of 


The most striking finding, however, was 


the virtual absence of destructive changes 
elsewhere in the brain of C57’s (except the 


Fig. 3.—Laminar necro 
sis of the neocortex in 
an LAF; mouse (No. 16) 
Hematoxylin 


x 125 


and eosin; 


A. M. A. ARCHIVES OF PATHOLOGY 


olfactory lobes). In only two animals ( No. 
l and No. 30) 


necrotic oligodendroglia in the anterior dor- 


was there some scattered 


sal thalamic nuclei, and in one of these 
there were some similar cells in the striatum 
and cortex. Even pyknosis (compaction) 
of oligodendroglia nuclei, a usually regular 
finding in heavily irradiated mammals, was 
virtually absent or not at all prominent in 
the eight other C57’s. One can almost in 
variably find a few necrotic oligodendroglia 
and sometimes dead neurons in the pyriform 
cortex after heavy irradiation, but none ap- 
peared in any C57’s. Altogether they dif 
fered significantly in these respects from 
the other three strains. 

The other three groups of mice were as 
a whole more seriously damaged in a num 
ber of regions, and the LAF,’s were gen 
erally the worst off so far as variety and 
There were degrees of 


extent of lesions. 
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difference in the patterns of lesions that, 
despite the relatively small numbers of ani- 
mals, suggested something more than chance 
variation that might occur within a group. 
Six LAF;,’s had severe cerebellar damage 
extending into lateral regions; the seventh 
was only somewhat less severe. Only two 
in each DBA group showed substantial 
cerebellar damage, and it was minimal in 
the others. Five LAF;,’s showed considera- 
ble destruction of neurons and oligodendrog- 
lia in the striatum, while only one other 
mouse, a DBA/1, 
All the DBA 


necrosis of 


showed similar changes. 
1 animals showed the lateral 
DBA/2’s 
and it affected one LAF. 


Severe cortical damage was not frequent. 


the medulla, but no 
showed it, 


Laminar necrosis of the neocortex (parieto- 
and III 
occurred in three LAI,;’s and once each in 
the DBA/1 DBA 


tion of scattered 


frontal, Lamina I] principally ) 


and 2 groups. Destruc- 


neurons in the fascia 
dentata and pyramidal layers of the hippo 


DBA/I1 
Necrosis of oligodendroglia 


campus occurred in a few and 
LAF, animals 
was more noticeable in the anterior dorsal 
thalamic nuclei of the LAF;,’s than in the 
LAF; (No. 16) 


14) showed widespread rela 


others (one 
DBA/2 (No 


tively massive 


and one 


regions of brain damage, 
including the preoptic-inferior septal-hypo 
the DBA/2 this 
extended to the mammillary bodies. The 


lateral 


thalamic zones, and in 


amygdaloid and _ inferior 


regions 


striatum were severely affected in both of 


these animals, and they had severe exten 
sive neocortical and olfactory lobe damage. 
The 


cerebellum, while in the LAF it was severe 


DBA/2 had only slight injury to the 


and widespread 

One characteristic of the number of the 
lesions stood out in these experiments which 
had not attracted our attention before, 
namely, the sharp definition of many of the 
large lesions. Bilateral necrosis of virtually 
the whole colliculus in the midbrain, large 
bilateral regions of necrosis in the hypo 
thalamus, sharply defined regions of necro 
sis in the cerebellum, and in many instances 


the bilateral complete necrosis of the lateral 
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medulla were reminiscent of infarction. 
Figure 1 was selected to illustrate this phe- 
nomenon of sharp demarcation. No throm 
bosis or structural vascular damage was 
present, but dilated vessels were associated 
with these lesions. However, dilated vessels 


were frequent throughout these brains, 
probably as often in functionally and ana- 
tomically intact zones as in damaged ones. 
Some further suggestions about these le 
sions are given later. 

Physiologic and Behavioral Responses 
In physiological and behavioral responses 
the C57’s showed some considerable differ 
ences from the other mice. Only 1 of the 
24 C57’s died 


irradiation, in 


within moments of their 


contrast to the substantial 
numbers of immediate deaths in the other 
groups, and as a group C57’s lagged behind 
the other strains in developing neurologic 
signs. In past experiments when similar 
large doses of 
CsH, 


and 


radiation were given to 
BAF,, ABC, albino, black and tan, 


yellow mice, and some others, one 


learned to expect that most of the animals 
would develop wobbly locomotion then be 
come increasingly incoordinated and often 
finally be reduced to a state of complete 


incoordination and shaking movements. 


Sometimes the onset of wobbliness was 


quickly followed by a running fit and a 


general convulsion. Minor and major gen 


eral convulsive bursts or thrashing move 


ments were the rule when such animals 


were disturbed after the condition had de 
veloped. Few were able to walk about at 
all well. This syndrome, somewhat variable 
in any group of animals, began to affect 
some animals within a few minutes and was 
often fairly marked by half an hour and 
fully developed in two hours, 

In the present experiments among the 
DBA’s and LATI’s these signs began to 
appear immediately after irradiation in 
some individuals and were well developed 
Most of the C57’s 


were virtually normal looking for the first 


in most by two hours. 


two hours, and a number of them staved 
15 C57’s did 


die in the first 24 hours, 3 of them within 


that way longer. However, 
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4 hours of irradiation and 7 more in 8 


hours. Thus, while C57’s were resistant to 
immediate death and developed neurologic 
disturbances slowly, death caught up with 
them later 

At the end of 24 


differences in 


still 
the 


hours there were 


some behavior among 


strains, perhaps of some significance. Six 
of the seven LAI,;’s were completely in 
coordinated and showed intermittent thrash 
ing and convulsive movements. All seven 


DBA/2’s 
turbed, 


were very quiet, but when dis 


showed 
the 


five thrashed around and 


general convulsive movements and 


others were somewhat incoordinated. Three 
DBA/I’s were markedly incoordinated and 
their hindquarters, virtually paralyzed. One 
was well enough to be eating, and another 
walked in 
were but thrashed when dis 
turbed. Of the 10 C57’s. 1 (No. 25) 


dragged its hindquarters when it tried to 


ate but circles. The other two 


quiet about 


walk, but it was not convulsive. Its lesions 
at autopsy were severe cerebellar and lateral 
medulla damage. Another walked in circles, 
holding its head to one side, but had no 
(No. 26). Its lesions 
No. 25. A third (No 


30) and a fourth showed some incoordina 


other obvious defect 
resembled those of 
general 


move and 


the lateral 


urged to 


had 


tion when 
apathy. All 
pattern of and the third 
the (No. 30) 


earlier that showed occasional necrotic cells 


four medulla 


necrosis, animal 


was one C57 mentioned 
in the cerebral hemisphere and dienceph 
the 


appearance at 24 


alon. Six C57’s of ten were rather 


unremarkable in hours, 
and three of them were eating. The other 
four were as noted 

All of the 31 animals that were finally 
autopsied responded to sound, a hand clap 
6 ft. away, by an immediate startled move 
ment of the body. (The ears have not been 
studied microscopically, but severe cochlear 
damage was fairly frequent in past similar 


experiments. ) 


Comment 


Three aspects of the results may be dis- 


cussed. First, are there any real differences 
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between the strains in responses to this 


massive dose of high-intensity radiation? 


Second, what is the nature of the well 


demarcated lesions which remind one of 


infarction but which are not associated with 
vascular occlusion and do not clearly com 


cide with the distribution of arterial 


branches? Third, can the convulsions, sus 


ceptibility to immediate death, or other re 
correlated with 


sponses to irradiation be 


brain metabolism known to 
57’s and DBA’s and alluded 


introduction ? 


differences in 
exist between ( 
the 


Differences 


to im 


Imong Strains Three dif 


ferences between the C57’s and the other 


strains seemed to be clear. Cne was the 


resistance of C57’s to immediate death 


from the high dose of radiation. A second 


was the lag of these animals behind the 


other strains in the development of the 
lethally convulsive state which was respon 
sible the death of 


24 hours after exposure 


for animals during the 

The third was the 
conspicuous resistance to histologic damage 
hemispheres the 


the C57 


of the cerebral (except 


lobes) in survivors as 


Whether 


In any 


olfactory 
compared with the other strains 
these three are related to each other 
way will be commented on later. 
Some other “differences” in patterns of 
lesions in the four strains appeared, and 
recalled, suggest 
the The 


DBA strains might have been expected to 


three may be for they 


trends despite small numbers 
resemble each other, but all seven DBA/I1's 
showed necrosis, while the 
seven DBA/2’s did not. LAF,’s and C57’s 


showed nearly consistent severe cerebellar 


lateral medulla 


damage, but the DBA strains usually es 
caped with very little. Of the four strains, 
the LAI*;’s seemed to be most susceptible 
to several of the effects of radiation. 
Demarcated Lesions.—The appearance of 
large, usually bilaterally symmetrical, le 


sions often as severe as an infarct and 


rather sharply defined suggested that local 
vascular factors might: be responsible, but 
there was no mechanical occlusion, nor did 
the lesions seem to correspond obviously to 
arterial Altered 


supply. permeability of 


Vol. 66, Oct., 1958 





TIME-INTENSITY FACTORS 


regional vessels to substances usually with 
held by blood-brain 


possibility. Interference with venous drain 


barriers was another 


age could be considered, but, as noted, di 
lated veins were not always related to the 
While 
excluded as 


damaged zones neither vasospasm 


or vasoparalysis ire factors, 


they would have had to act rapidly, for it is 


well established that the radiation necrosis 


is well developed as early as four hours 
(for example the DBA No 15, killed four 
hours after exposure already had cerebellar 
and lateral medulla lesions, rare necrotic 
neurons, and oligodendroglia in the neocor 
neurons in the 


tex and occasional necrotic 


inferior olive) 


rhe 


the damaging effects of 


often-observed fact that many of 
radiation in given 
worse by an 


circumstances may be made 


increase in oxygen tension suggests the 


hypothesis that the zones of extensive ne 
crosis may represent regions with relatively 
greater oxygen tension than their neighbors 
because of a relatively richer blood supply.® 
iffected zones were ones with 


beds 


supplies  ( hy pothala 


Some of the 


anatomically very rich capillary and 
overlapping tributary 
cerebellar, collicular, neocortical Lam 


and II] 


( hippocampus ) 


mic, 


ina Il while others were not 


Regions with high oxygen 
tension could constitute loci minorae resist 


antiae with respect to radiation. A “rich 


blood supply” and correspondingly a “rich 


oxygen supply,” however, is compounded 


of a number of factors, including rate and 


volume of blood flow and density and kind 
of capillary bed. Whether a high oxygen 


tension extracellularly and intracellularly 


generally would result would depend on 
how efficiently the oxygen supply and the 
oxygen demand of the local cells were bal- 
anced against each other in a given region. 
More data on these factors in various parts 
of the brain will be needed before this 
further. 

Vetabolism 


reason for 


can be ady anced 


Patterns of 


concept 
Genetu Brain 


and Radiation Damage.—One 


carrying out these experiments was to see 


DBA 
phosphorylating 


deficient 
3 


whether mice with their 


oxidative enzymes* and 
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susceptibility to certain  seizure-inducing 


factors to certain radia 
\lthough the 


found, no 


were more prom 


tion injuries than C57’s 


differences noted before were 


simple formula emerges to explain them 


and there are no clear relations between the 


facts about the brain metabolism of the 
animals and their susceptibility to radiation 
effects. Nevertheless it is worth discussion 
on why some of the correlations failed to be 
realized and others 


speculation on some 


that may exist 

he immediate deaths may be reasonably 
attributed to radiation effects on the lower 
demonstrated in 


Why the DBA’s 


were most vulnerable is unknown 


medulla, as previous ex 
LAF ;’s 
Whether 


the convulsive deaths that developed in the 


periments and 


next 24 hours represented a more slowly 


developing condition in the lower brain 


stem, with cardiorespiratory failure, con 


vulsions, and death, or some other mecha 
nism is also unknown 


that 


It is quite possible 
these deaths were due to seizures re 
had 


nothing to do with the process of immediate 


sulting from forebrain damage and 
medullary death. Cerebral edema and shock 
may occur after heavy irradiation and may 
have been contributory. It is not possible, 


either, to correlate the immediate deaths 
in the DBA’s with the findings of Abood 
who studied brain metabolism 


that the 


and Gerard,* 
in DBA’s 


anterior to the 


They found forebrain 


level of the midbrain was 


the site of deficient oxidative metabolism 


when contrasted with that of C57’s, while 


the brain stem was normal. If anything, 
C57’s might have been expected to be vul 
nerable to death from radiation-induced fits 
because in previous experiments * they were 
lethal 


convulsions 


more vulnerable to the effects of 


methionine sulfoximine than 


the DBA’s. 


was that general convulsions are known to 


The reason for thinking this 


exhaust brain energy stores very quickly, 
and C57’s often died of cardiorespiratory 
first methionine sul 


failure during the 


foximine-induced _ seizure. 


DBA/2’s 


Paradoxically, 


withstood seizure after seizure 
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but developed forebrain lesions after the 
drug. 

The patterns of destructive lesions were 
of little help in explaining the immediate 
death from irradiation. Indeed, many of 
the lesions were independent of the imme- 
diate deaths and convulsive episodes, and 
unless they affected a structure, alteration 
of whose function was rather obvious, they 
Nor 
possible to relate the metabolic deficiencies 
of DBA animals 


age except to note their coincidence. 


went unnoticed until autopsy. was it 


forebrain dam 
How 


the speculation advanced earlier 


with the 


ever, if 
that regional hyperoxia may make a region 
relatively more vulnerable to the destruc 
tive effects of radiation on cells, then DBA 
animals might have such a condition in their 
forebrains, for it is conceivable that they 


have a regional disparity between the ca 


pacity of the blood supply to deliver oxygen 


and the tissue to use it. 


Department of England Dea 


(15) 


Pathology, New 
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Delayed Effects of Ionizing Radiations in Man 


JOHN L. TULLIS, M.D., Boston 


The discovery of x-rays and radium pro- 
vided man with an important agent for use 
in investigative work and for use in medi- 
cal diagnosis and therapy. However, soon 
after the discovery it became apparent that 
injudicious exposure to ionizing radiations 
could produce skin lesions of considerable 
that re- 
peated small doses of ionizing radiations or 


severity. Later it was realized 
even a single large dose which may not in 
itself have caused signs or symptoms could 
after many years bring about serious in- 
jury in the area irradiated. It is about this 


second group of injuries, the long-term 
delayed effects, that this paper deals. The 
discussion is arbitrarily limited to those ef- 
fects observed as the result of medical and 
occupational uses of ionizing radiations and 
detailed 


the effects resulting from exposure to either 


does not include consideration of 


the peaceful or military uses of nuclear 
energy. In the 63 years since the discovery 
of x-rays, the medical literature has _be- 
come enriched with many case reports and 
comprehensive reviews of man’s experiences 
with the adverse effects of exposure to ion- 
izing radiations 

One very interesting fact about radiation 
induced lesions is that the interval between 
actual irradiation and the development of 
manifestation in the area 


disease may be 


quite variable. On the cellular level, ab- 
normalities in the mitotic cycle become ap- 
but 


on the other hand, some of the tissue and 


parent within minutes after exposure, 


organ manifestations may not become ap- 


parent clinically until an interval of many 


Submitted for publication June 11, 1958. 
From the Cancer Research Institute, New Eng- 
Hospital 


land Deaconess 


This work was supported by the U. S. Atomic 
AT (30-1) -901 


the New England Deaconess Hospital 


Energy Commission Contract with 


years has passed from the time of ex 
posure to the time of manifestation of dis 
ease. This interval is popularly known as 
the latent period. It is a function of a num 
ber of radiation factors, the radiosensitiv 
ity of the tissue irradiated, and the age 
and the general state of health of the per 
son irradiated. A good example of ‘length 
to which the latent period may extend is 
found in a recent case report of a woman 
who at the age of 21 was subjected to a 
diagnostic roentgen examination for kidney 
stones lasting for about one hour. It 
that the skin 
2000 r of 100 kv. energy. An acute derma 
titis this 


healed. Later the skin became atrophic, but 


Was 


estimated dose was about 


resulted after two weeks, but 
it was not until 49 years after the original 
examination that ulceration in the irradiated 
area occurred which on biopsy was found to 


be squamous-cell carcinoma.™ 


Skin 


The skin is a good tissue to consider in 
beginning a review of the delayed effects of 
exposure to radiation because it was reac 
tion in the skin which made the early ra 
diologists first realize that their new agent 
was not entirely innocuous. It was soon 
noted that even though the acute reaction in 
heavily irradiated skin tends to subside, the 
injured area shows gradually increasing evi 
dence of atrophy of epidermis and fibrosis 
of dermis and subcutaneous tissues. Be 
cause the blood vessel walls become fibrotic 


blood 
supply to the injured area becomes so com 


with narrowing of the lumen, the 
promised that surface ulceration and deep- 
The 
healing of such areas is prolonged, and in 


seated necrosis are apt to occur. 
fections, which are easily established, are 


difficult to cure. It has been the experience 
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of radiotherapists in recent years that doses 


of 1500 r are likely to cause permanent skin 


damage. Hair loss may be permanent with 


doses of 700 r or more Sweat and seba 


ceous glands are destroyed with doses of 


about 1500 r. As the dose is increased above 
1500 r the soft-tissue changes become more 


marked, until at the level of about 4000 r 


severe chronic radiation dermatitis is in 


evitable.“° In skin with marked radiation 
changes, malignant lesions are likely to oc 
cur. The first radiation-induced skin cancet 
was reported by Frieben, in 1902 (quoted by 
Furth #5). In 1911, 54 cases were reported in 
a monograph by Hesse (quoted by Furth **) 
The literature contains numerous reports of 
squamous-cell and basal-cell carcinomas de 
veloping in the skin of previously irradiated 


2,12,16,59,89,92,98,113,114 


patients Acne, eczema, 
dermatitis, psoriasis, nevi, plantar warts, and 
a host of other benign skin diseases have 
been given radiotherapy, sometimes bene 
fiting the original disease, sometimes not, 
sometimes with the development of chron 


skin 


Usually the cancer develops in an 


radiation dermatitis and subsequent 
cancer 
area of preexisting chronic radiation derma 


titis, but not always." 


Cancers develop mn 
20% to 30% of Cases with ch onic radiation 


The 


on the average from 


dermatitis.'**)!"4 latent periods have 
usually been long, 25 


to 30 years, but may vary between extremes 
of 6 to 56 years. An exception to the 
general rule was noted in a child who had 
treatments for an en 


received four x-ray 


larged thymus gland shortly after birth. He 


presented at the age of 
basal-cell 
skin of the chest 


5 vears with “sey 


eral hundred” carcinomas in the 


In addition to the tumors, 
in the 


there was marked radiation 


skin.” 


Two recent reports have maintained that 


reaction 


the use of low-voltage therapy in doses up 
to 1000 r is rarely if ever followed by sig 
The fol 


low-up periods in most instances in the 


nificant adverse skin effects.24:'!* 
two 
series of cases reported are too short to 
permit such conclusions to be drawn in 
spite of the fact that the classic stigmata of 


chronic radiation dermatitis have not been 
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observed Chere has been a tendency to 


underestimate the importance of radiation 


changes in the skin since the early days, and 
regardless of repeated warning signs to the 
contrary radiotherapy continues to be em 
ployed in the treatment of benign lesions 
often where other 


some therapeutic ap 


proach would be as satisfactory or even 


more effective 


Leukemia 


It is generally accepted that leukemia can 


be induced in experimental animals by 


either a single large or multiple small expo 


a 5% 


sures to ionizing radiations In addition 


to a great number of individual case re 


ports, there are several large group or popu 
fact that 


ionizing radiations may be leukemogenic for 


lation studies which establish the 


man also. The first of these is outside the 


this noted for the 


scope ot 


paper but is 


sake of completeness. It concerns the fol 
low-up studies on the survivors of the Hiro 


Nagasaki 


1945 in which the incidence of leukemia has 


shima and atomic bombings in 
been shown to be greatly increased over that 
in the nonirradiated population, leukemia de 
veloping in | in 80 of those exposed within 
1000 meters of the hypocenter.™* 

In addition to the single acute exposure 
which preceded by a period of one to six 
years the development of leukemia in the 
irradiated bomb survivors, chronic or mul 
tiple small dose, partial body exposure is 
The 


occupational exposure of radiologists, par 


also considered to be leukemogeni 


ticularly in former days when the dangers 


were not as fully appreciated as they are 


now, is a case in point. It has been esti 


mated by Warren that as short a time ago 
as the 1930's some physicians working with 


x-rays and radium may have received a 


total dose to large areas of the body of 
1000 r or more.'*” Braestrup has calculated 
that the Warren 


probably received an average lifetime dose 


radiologists studied by 


of 2000 r in 40 years, while the earlier ra 


diologists using nonprotective equipment 


probably received an average accumulated 
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11 


exposure dose of 100 r per year.’? An en- 


couraging observation by Braestrup is that 
modern radiologists receive an accumulated 


dose of only about 1 r per year 


Radiologists have been found by many 


students of the problem to have a higher 


incidence of leukemia that their nonradiolo 


colleagues 4,30,31,46,60,73,74,91,116 It was 


gist 


suspected even as early as 1912, when the 


leukemia in a radiologist was 


that 


first case of 


there might be a causal 


published, 
relation between exposure to radiation and 


0) 


the disease.2° The total number of reported 


cases of leukemia in radiologists has been 
small; only 37 were found by March up to 
1948,** and Lewis, collecting data from sev 
found that 


1938 to 1952 there 


eral sources, in the period from 


were 17 recorded deaths 


from ae 


leukemia among radiologists In 


spite of the limited numbers of cases, March 
was able to show that radiologists had about 
deaths from leukemia than 


10 times more 


“4 Warren made a com 


other physicians.”* 
prehensive analysis of the causes of death 
of physicians as published in The Journal of 
the American Medical Association during 
the period from January, 1930, through De 
cember, 1954.'*° that 


leukemia accounted for 3.65% of the deaths 


He was able to show 


among radiologists but only 0.63% of the 
deaths among physicians who would not in 


the usuai practice of medicine have been 


exposed to radiation Lewis calculated the 
death leukemia for 


the white male population for 1938 to 1952 


age specihe rates for 


and compared these with the death rates 
from leukemia in radiologists. The increased 


death rates among the radiologists were 


considered to be statistically highly signifi 


6o 


cant. 


As a full-scale expansion of a preliminary 


investigation,** a group study was under 
taken by the Medical Research Council of 
Great Britain on 13,352 patients (11,287 
men and 2064 women) who had been treated 
at 81 radiotherapeutic centers between 1935 
to 1954 for ankylosing spondylitis.** Wide- 
field therapy was administered to the full 


spine and sometimes the pelvis in doses of 


Tullis 
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500 r to over 3000 r in one to eight courses 


Forty-nine of the patients studied were 
found to have developed leukemia, aplastic 
anemia, or myelofibrosis. The 28 deaths 
from leukemia in this group were about 10 
times the expected incidence in a_ healthy 
control population of the same age and sex 
distribution. Since the treatment 1s so 
widely used in Great Britain, only 400 un 
treated cases of ankylosing spondylitis could 
be found. These are too few controls to be 
statistically acceptable for a survey of this 
date no evidence has 


that 


magnitude, but to 


arisen which ankylosing 


suggests 


spondylitis is in itself a disease which is 


associated with a high incidence of leu 


kemia 
When the 


male patients is plotted against the dose of 


2< 


incidence of leukemia in the 


x-rays calculated as integral dose (mega 


gram-roentgens ) and as mean dose to the 


spinal marrow, a relationship is found to 
exist which is curvilinear in the first in 
stance, while in the latter it 1s a simple pro 
portional one with lower doses but shows a 
incidence with 


disproportionately higher 


Thus, the incidence increases 
10,000 men per 


absence of treatment to between 


greater doses 
from 0.5 per year in the 
16 and 17 
cases per 10,000 men per year following a 
mean dose in excess of 1750 r to the spinal 
marrow. The incidence further increases to 
72 cases per 10,000 men per year following 
a mean dose to the spinal marrow in excess 
of 2250 r. Two cases developed following 
doses of less than 500 r to the spinal mar 
row. 

From Holland there is a preliminary re 
port of seven cases of blood dyscrasias aris 
ing in patients with ankylosing spondylitis 
who had been treated two and one-half 
months to six years previously with x-radia 
tion. Five of the cases are myeloid leu 
kemias, two are aplastic anemias.''* 
Doll 


there is no evidence of 


Court Brown and that 


the existence of a 


concluded 


threshold dose of irradiation below which 


no increase in incidence in leukemia can be 
as that 
the amount of 30 r 50 r 


expected. They further concluded 


radiation in 





delivered to the whole red marrow of the 


body (93 r to the spinal marrow alone) was 
sufficient to double the 


spontaneous rate 


of leukemia. The question of the existence of 
a threshold dose is a controversial one of 
considerable importance, and opinions about 
7,39,60,121 


it vary.!*-45.3! It has recerved much 


attention recently because of the slight ad 
dition to background radiation which has 
been cuntributed by world-wide fall-out of 
fission products. Also, its importance be 
comes apparent in cases in which treatment 
with relatively small doses of radioactive 
isotopes has been associated with the devel 
opment of malignant disease. Three cases 
have been reported of acute leukemia aris 
ing in patients about 18 months after the 
treatment of toxic hyperthyroidism with 17 
, and 2.1 mc. of [**4.1:%124 The 


total body radiation delivered by the isotope 


mc., 7.1 TT1¢ 


amounted to only about 16 r, 7 r, and 1 to 


3 rin these cases. It was concluded that the 


development of leukemia in these patients 


was entirely fortuitous. This seems justi 


fied, since it is not clear how doses of this 
low magnitude could induce leukemia, par 
after so latent 


ticularly short a 


period. 


There have been other cases, however, in 


which I'*! has been used in larger doses 
in the treatment of thyroid carcinoma with 
development of leukemia four and five years 
after treatment was begun. The cause-and 
effect relationship appears to be on a more 
sound basis in these cases, since the total 
estimated to be 


radiation dose 


600 r or 


body was 


more.®:27, 1038 

It should be noted that other radiois« topes 
used therapeutically have been incriminated 
as agents capable of producing leukemia and 
other diseases, but there is no definite evi 
dence in proof of the assumptions.*4.1! 
The 3% incidence of leukemia among 148 
cases of polycythemia vera treated with P* 
well be the 


may “natural” sequential de 


velopment of the disease.'!” 

A fourth study concerns the cause-and 
effect relationship between thymic irradia 
tion and the development of leukemia and 
thyroid cancer in children. Simpson et al. 


conducted a follow-up study on 1400 of 1722 
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children who had been treated in infancy 
with x-rays for thymic enlargement.'*!®% 
While in a comparable control group only 
0.6 cases were expected (actually none were 
observed), 7 (or possibly eight ) cases of 
leukemia were found among the treated chil 
dren. Two of the treated children with leu 
kemia had only 200 r or less exposure to the 
thorax, while the other five received 200 r 
to 1500 r. Although the number of cases 
is small, the fact that the incidence of leu 
than 10 times 


A sur 


vey now in progress at the Children’s Medi 


kemia is increased to more 


the expected number is impressive. 


cal Center in Boston approaches the problem 


from the opposite direction. It has been 


found that among 700 cases of leukemia 


14 patients have a history of having re 


ceived radiation therapy to the thymus 
gland.** 


2% 


This would suggest that perhaps 
of childhood leukemias are caused by 
or are related to previous thoracic irradia 
tion. 


Thyroid Cancer 


Duffy and Fitzgerald that 


x-radiation might be an etiologic factor in 


suggested 


the development of thyroid cancer in chil 


dren. Ten of their twenty-eight cases of 


thyroid cancer in children under 18 years 


of age were in patients who had received 
short courses of low-voltage x-radiation be 
the 4th and 16th 
relieve symptoms believed to be caused by 


Clark 


reported 15 cases of postirradiation thyroid 


tween months of life to 


enlargement of the thymus gland. 


cancer in children under 15 years of age." 
Eleven of the cases who had previously 
been treated for thymic enlargement were 
known to have received air doses of from 


200 r to 725 r in one to six treatments 


3 cm. to 1015 


interval 


through ports measuring 3 » 
The 


years, with a 3 


was 69 
In the 
study of 1722 children treated with x-rays 


cm. average latent 


to 10-year spread. 


for thymic enlargement, it was clearly es 


tablished that children so treated had an 


increased incidence of cancer of all types, 
17 (or probably 19) being found, while the 
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expected incidence for 
? ¢ 


a control group was 
106.107 ~The difference was particularly 
marked in respect to thyroid cancers, where 
the expected incidence was only 0.08, but 6 
thyroid cancer cases were actually observed. 
The latent p riods between time of irradia 
tion and time of diagnosis of tumor ranged 
from 6 to 17 years Majarakis and associ 
ates added 15 cases of cancer of the thyroid 
arising in patients between 5 and 20 years 
len of these had received irradia 


head and neck in doses of 200 r 


of age 
tion to the 


to 625 r in infancy or childhood.** 


Cancer of the thyroid is an infrequent 


disease in children,**:!**:!76.127 but the impli 


cation of irradiation as an_ etiologic 


factor is strongly supported in many pa 


pers. '5.28,32,35,72,126,127 Tt is interesting to 


note that in his definitive review of cancer 


of the thyroid in children for the period 
from 1900 through 1950, Winship was able 
to establish the time of onset of the disease 


in 169 of the total of 191 cases reported 


By decades, the number of cases increased 
from 1 in the first (1900-1910) to 4 in the 


second, 13 in the third, 30 in the fourth, 


and 121 in the fifth. Ninety of the one 


hundred twenty-one cases in the last decade 


appeared in the period from 1946 to 1950.!76 
There is a history of thymic irradiation in 


approximately 20% of the collected cases of 


thyroid cancer in children in the United 


States.'** Irradiation of the thymus gland 


in infants under one year of age was a 


commonplace procedure in this country from 
1930 to 1945 and is still practiced in a few 
communities. Since the latent period for 
development of thyroid cancer ranges from 
be difficult to detect 


3 to 17 vears, it may 


a change in trend of the numbers of thy 


roid cancer cases in children until after 


1960, but after that date if thymic irradia 
tion in infancy is an etiologic factor of im 
portance, the number of new cases, 
corrected for population growth, should de 
cline. 
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Congenital and Developmental Hazards 


It is encouraging to note that the hazards 


of radiation in children are widely pub 


licized. The specific tissue effects are much 


as those in adults, but in addition special 


attention must be paid to the avoidance of 
both 


and to the avoidance of 


growth disturbances, acute and de 


layed,?®5* genetic 
damage.** The importance of limiting ra 
diological procedures to those that are clearly 
indicated and then only where adequate 
gonadal protection is used cannot be over 
emphasized. The genetic hazard is one not 
only to the individual person but to the 
Understanding of 


population as a whole 


this hazard and the exercise of rigorous 
discipline on the part of pediatricians in 
avoiding gonadal radiation of their petients 
is, indeed, vital to the future of the human 
race 

That congenital malformations can be in 
duced by pelvic radiotherapy in a female 
carrying a developing embryo in utero is 


42,70,84 


well known Recently the possibility 
has been suggested that diagnostic radiation 
procedures carried out on the pregnant fe 
male may cause the development of malig 
nant disease in the child who had previously 
been irradiated in utero.’’* The histories of 


547 


with leukemia and other malignant diseases 


children who died before the age 10 


were reviewed. Of the 269 cases of leu 
kemia, 42 cases were in children born to 
mothers who had received diagnostic x-ray 
examination of the abdomen in the prenatal 
period. Among 269 healthy controls, 24 
children had been subjected to similar ir 
radiation but did not develop leukemia. Of 
278 cases who developed other malignant 
diseases and 278 healthy controls, the his 
tory of prenatal exposure to abdominal 
x-ray examination was present in 43 of the 
cancer cases but in only 21 of the healthy 
controls. It is estimated that the fetus re 
ceives 8 r to 12 r in the course of the usual 
abdominal x-ray examination of the mother. 
This is a small amount of radiation, and 
these data are far from conclusive, but they 


are suggestive enough to warrant continued 
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Che 


Armed Forces Institute of Pathology is now 


and more comprehensive investigation. 


in the process of requesting the hospitals 


and physicians of this country to supply 
pertinent data for analysis and comparison 
with the British experience 

Pelvic irradiation before conception has 
been an accepted treatment for relief of in 
fertility 


and menstrual dysfunction.**** 
While follow-up studies on the children and 
grandchildren of some of the women who 
had this treatment fail to show clinical evi 
dence of gene mutations, it should be real 
ized that at best only a small fraction of the 
total genetic damage could be detected in 
the short time elapsed and the small popula 


tion available for study 


Respiratory System 


Both therapeutic and occupational expo 
sures to ionizing radiations have sometimes 
resulted in undesirable delayed effects in 
These 


range from pulmonary fibrosis with reduc 


volving the respiratory system. 


tion of respiratory reserve and increased 
susceptibility to infection, which may follow 
exposures of the order of 2000 r= all the 
way to bronchogenic carcinoma, which has 
been a common disease among certain min 


The 


and milling of uranium ores in the United 


ers for many years.®:%.%,105 mining 
States is a recent industrial venture, but a 
public health study has indicated that in the 
unventilated mines of the Colorado plateau 
the concentration of radon is higher than 
the median concentration reported in the 
) 


mines of Bohemia and Saxony.”” To date, 


lung cancers in American uranium miners 


have not been reported, but it is known 
that they excrete polonium in their urine.™! 
In the pitchblende mines of and 


Saxony, the miners, who often begin their 


Bohemia 
labors as boys, frequently develop “miner's 
disease,” characterized by cough, hemopty 
sis, and shortness of breath. In the past, 
many miners died in early middle age, 15 
to 20 years after starting to work in the 
mines. Subsequent 


investigations, though 


incomplete, suggest that about 50% of the 
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deaths were due to lung cancer.%?:%,10% 


Radon as such and the particulate radio 
active daughter products of radon which be 


come adherent to dust are inhaled. The 


radioactive dust, because of difference in 


sizes of particles, lodges in different parts 


of the bronchial tree, where some is re 


moved by physiologic mechanisms but some 
Chat 


becomes “fixed.” which is retained 


subjects the adjacent tissue to intense 
e-radiation over long periods of time. Evans 
that the radon 


3x10 


calculated concentration im 


the mine air of curies per liter 


would, over the average tumor induction 


time of 17 years, deliver about 3000 r to 


the site of the tumor.** 


Lesions in Dial Painters and in Patients 
Treated with Radium Salts 


During the period from 1914 to 1925 it 


was customary for  luminous-watch-dial 


painters to achieve a fine point on their 
brushes by compressing them between ton 
gue and lips. Varying mixtures of radium, 


mesothorium, and radiothorium were used 
in the luminous paint and were absorbed by 
the painters in the process of “tipping” their 
brushes. By 1925 it became evident that 
this habit was responsible for much of the 
workers.17-7°) A 


small portion of radium and thorium com 


illness and death in these 
pounds found their way to the bones, where 
they tended to remain for many years, mean 
while subjecting the surrounding tissue to 


intense a@-radiation. 


During this same era, the administration 


of radium salts by mouth and parenterally 
was a popular form of therapy for a variety 
of diseases, from dementia 


ranging prae 


88,100 to 5.6.45, 87 


cox tuberculous arthritis 
Other diseases which had the benefit of this 
therapy include hypertension, cardiovascular 
disease, duodenal ulcers, gout, neuritis, dia 
betes, Buerger’s disease, syphilis, infected 


skin 


and nephritis.™ 


wounds, diseases, anemia, leukemia, 


About 5 to 10 years after the first medical 


and industrial exposures to radium, some of 


the radium-containing patients began to die 
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TasBLe 1.—Tumors 


Osteosarcoma 
Osteosarcoma, tibi 
Osteosarcoma, finger 
Gaint-cel 
Fibrosar 


Squamous 


sarcoma, 
ma, knee 
ircinoma 
Squamous carcinom 
Squamous carcinoma, 
Osteosarcoma, femur 
Osteosarcoma, elbow 
Osteosarcoma, ischiun 
Fibrosarcoma, foot 
Osteosarcoma, tibia 
Osteosarcoma, vertebrae 


Osteosarcoma, tibia 


in reference 41 


with severe anemia aseptic necrosis ot 


bone. and bone tumors 


of Martland 7 


2 alerted the world to the dangers inherent 


The publicatic ms 


10,10a,17,36,48a,101 


ind others 


to the use of and exposure to radium. Inves 


tigations were carried out in 1952? and 


later 64-66 69 on 


had 


and 28 


a total of 50 patients who 


received radium salts therapeutically 
who had been employed in the 


The 


radioactive material in 


luminous-dial industry. average time 
of retention of the 
the 78 patients was 25 years, with limits of 
Although Aub et al. cited 


cases of three patients with a 20- to 25-year 


10 to 35 years 


body burden of radium of 10ug to 23 ug. 
who had no serious interference with good 
health, one case with as little as O0.5ug. had 
evidence of radiation-induced disease. (Some 
mesothorium and radiothorium contamina 
included in the 


Had 


these amounts been added, the total figure 


tion in this case was not 


determination of body radioactivity. 
would be something more than 0.5ug.) Eleven 
patients with asceptic necrosis of the femoral 
more for an 


head had 0 7 ug or average 


retention time of 15 years. Fifteen malig 
nant tumors developed in the 78 patients, a 


14% 


sarcomas of 


incidence. Eleven of the tumors were 


bone; one, a fibrosarcoma of 
the knee joint, and three, squamous-cell 
carcinomas of the nasal sinuses (Table 1). 
The patients carried between O.5ug. and 


10ug. of radium for an average retention 


” 
His 


in Man fron 


ming * 


Ra Ports 


Exposure Type Death, Yr.t 
herapeutic injection 23 
Dial painting 27 
Pherapeutic injection 28 
Dial painting 15 
Therapeutic, oral . 17 
Dial painting - . . » 19 
Dial painting 34 
Dial painting ° 34 
Dial painting , 32 
Dial painting 

Dial painting 

rherapeutic injection 

Therepeutic injection 

Therapeutic injection 


rherapeutic injection 


time of 25 years. From these data Looney 


calculated the accumulated radiation dose 


(rad) from radium required to produce ma 
jor skeletal damage and bone tumor forma 


tion to be in the order of 1000 to 2000 rad 


during the 25 


vears.*® 

The studies of radium deposition assume 
great significance if it is recalled that 0. lug 
is the maximum permissible concentration 
(MPC) of 


dium 


radium.** This amount of ra 


maintained over a lifetime from 15 


to /0 years of age will provide an esti 


mated accumulated skeletal dose of 200 r. 


It follows that if the MPC is exceeded by 
5 to 10 times the accumulative dose capable 
of carcinogenesis is achieved. This is a 
rather narrow margin of safety, but it is 


considered to be adequate at present. 


Lesions in Patients with Retained 
Colloidal Thorium Dioxide (Thorotrast) 
Interest has been 


recently revived in 


the cancerogenic properties of retained 


Thorotrast, a 20% solution of thorium di 
oxide.**°*:*7.65 Thorotrast is radiopaque but 
is also an a-emitter with a long half-life. 
It is picked up by the cells of the reticulo 
endothelial system and is stored and concen- 
trated in them either locally or, when 
administered intravenously, chiefly in the 
liver and spleen. It was introduced in 1928 
and became widely used in succeeding years, 


the intravenous dose varying from 3 to 15 
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TABLE 2.—Leukemias and Malignant Tumors After 


Injections of Thorotrast* 


Disease Organ Latent Period, Yr 


Marrow 


Marrow 


Myeloid leukemia 
Myeloid leukemia 
Lymphatic Marrow 
Marrow 
Marrow 
Kidney 
Eyelid 
Eyelid 


Carcinoma Max 


leukemia 
Stem-cell leukemia 
Stem-cell leukemia 
»arcoma 

Carcinoma 

( arcinoma 

sinus 
Carcinoma Breast 
Endothelial sarcoma 

Endothelial sarcoma 

Endothelial sarcoma 
Hemangioendothelioma 
Hemangioendothelioma 
Hemangioendothelioma 
Hemangioendothelioma 
Carcinoma 

Carcinoma 


Cholangioma 


According to Looney et al.® 


gm. The first well-documented case of a 
neoplasm following the intravenous use of 
colloidal thorium dioxide was published in 
1947.71 


lial sarcoma in the liver near colloidal tho 


The patient developed an endothe 


rium dioxide deposits 12 years after 


receiving the contrast medium intravenously 
in the course of a diagnostic procedure. A 


variety of soft-tissue tumors both carci 


nomas and sarcomas have since been re 


ported and related to previous colloidal 
thorium dioxide injections (Table 2). Evans 
has calculated that tissue containing 1% col 
loidal 


proximately 3000 rad in 10 years. 


thorium dioxide would receive ap 


Bone 


Benign and malignant lesions of bone may 
be produced by externally applied irradia 
tion as well as by irradiation from internally 
1948, 


Cahan and associates reviewed the literature 


deposited radioactive materials. In 


on the subject and added 11 cases of their 
own.'® They were able to find 14 cases 
from the European countries and a few 
isolated case reports from this country. All 
of the European cases developed in bones 
being treated for suspected or proved tuber 


culous arthritis. One of the patients had 
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received intra-articular radium chloride in 
jections, but the others had received exter 
nal irradiation. The latent period varied 
from 3 to 12 years, with an average of 6.2 
years 

In the cases of Cahan and associates fil 
tered x-rays generated at 130 kv. to 200 kv. 
were used to deliver total doses accumulated 
over weeks or months, ranging from 1550 1 
to 25,000 r. Benign lesions were treated, 
but in both normal and diseased bone sar 
comas developed in from 6 to 22 years 
Sabanas and associates added 17 cases who 
after x-ray alone (13 cases), radium alone 
(1 case), or a combination of the two (3 
cases) developed sarcomas of bone.** The 
tumor doses ranged from 1400 r to 10,000 1 
given in single or repeated courses spread 
The 


months to 


months. 
? 


over periods of up to 39 
latent periods extended from 3 
30 years, with an average of over 10 years 
According to Vaughn, who reviewed the 
literature in 1956, thirty-nine cases of bone 
sarcoma following radiation had been re 
ported.' 1957, 
added 11 had 


received 100 kv., 250 kv., and 1 mev radia 


19 Cruz and associates, in 
new cases in persons who 


tion in amounts of 1000 r to 5289 r given 


over a period of one month to nine years.*° 


Osteogenic sarcomas developed in pre 


viously normal and previously diseased bone 


in 4 to 24 years after exposure. 


Nasopharynx 


Radiation of the cervical lymph nodes in 


the treatment of tuberculous adenitis and 


of the thyroid gland in the treatment of thy 
associated with the 


rotoxicosis has been 


subsequent development of several squa 
mous-cell carcinomas of the larynx and 
nasopharynx and of two carcinomas of the 
thyroid." 


long, 10 to 30 years, and the number of 


The latent period is usually 


cases reported so far is few. The practice 


of shrinking lymphoid tissue about the 
Eustachian tube ostia by radon applications 
in order to allow submariners to equalize 
middle ear pressure rapidly was routine 


or 


where “indicated” as recently as 1951,!25 
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This treatment was also given to pilots in 
the United States Air 


doses were usually small, in some instances 


Force.” Although 
the mucosa adjacent to the ostia has become 
chronic 
had 


as a Safety measure 


scarred and shows evidence of 
"se 


radiation injury Service men who 


the treatment should 


have periodic examinations of the naso 


pharynx for at least a 30-year follow-up 
period, 

Journal of the Ameri 
13, 1951, 
recommended 300 r to each of two parts, 
100 r weekly, for the 
treatment of enlarged adenoids. The treat 


as being particularly 


A consultant in The 
can Medical Association for Oct. 


given in doses of 


ment was suggested 
useful in children when surgical removal of 
the adenoids was not feasible.’** Undoubt 


edly a number of patients received such 
treatment, and, although they may have ex 
perienced less localized tissue damage than 
those patients who were treated with radon, 
they too should be carefully followed for 


possible delayed ettects 


Female Pelvic Organs 


lonizing radiations have been used for 
functional uterine bleeding, infertility, cas 
tration, and other benign diseases of the 
pelvic organs. In a group 958 patients 
given radiotherapeutic menopause, mostly by 
intrauterine radium insertion, and followed 
for an average of 6.7 years, it was con- 
cluded that the nine cancers of the uterine 
corpus in the group (with only six in the 
cervix) developed coincidentally and not as 
the result of radiation.*! Speert, in review- 
ing the same group of 958 patients, con- 
tended that difficult to 


accept as the complete explanation for the 


coincidence was 
development of the cancers of the uterine 
corpus.’’* However, he was able to conclude 


unequivocally that ionizing radiations as 


used for benign gynecological conditions 


were not 


tumorigenic for the human 


ovary.' 
In another study of 500 cases of endo- 
metrial carcinoma, 32 patients had endo- 


metrial biopsies 1 to 23 years prior to the 
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diagnosis of carcinoma. Twenty of the 
thirty-two cases received radiation therapy 
for benign conditions of the uterus seven to 
eight years before the diagnosis of cancer 
was made. It was concluded that the inci 
dence of cancer was greater than could be 
expected in an untreated population.4*’ Of 
particular interest was the development of 
3 carcinosarcomas among the 20 irradiated 
cases. This is an unusually high incidence 
of this relatively rare tumor type, and in 
vestigators are in that a 


cause-and-effect relationship with prior ir 


general agreed 


radiation probably exists with respect to 


this cancer,*7:45!* although the relationship 
is equivocal with respect to development of 


adenocarcinoma of the uterus.!** 


Late Hematologic Effects 


Ixxcept for the leukemias and the occa 
sional were dis 
late 
hematologic effects of exposure to ionizing 


anemia, which 


this 


aplastic 
cussed elsewhere in report, the 
radiations are difficult to quantitate. There 
is general agreement that the hematopoietic 
cells are radiosensitive and that both large 
doses and repeated small doses of radia 
tion will in time cause a depression of the 
bone marrow which may be manifest as a 
decreased cellularity °' or as a hyperplasia 
of reticuloendothelial cells, with failure of 
maturation.*' Lymphoid tissues undergo a 
similar depletion. In time the changes in 
the hematopoietic centers are reflected in 
the peripheral blood. 

Ingram has recently summarized the liter 
ature in this field and was able to collect a 
well-docu 
mented cases in man where the degree of 


surprisingly large number of 


exposure was known with some accuracy.** 
It is interesting to note that chronic expo- 
sures with 200 kvp, 400 kvp and 1000 mev 
x-rays in the amount of 40 r delivered to 
the total body may cause a persistent lympho- 


penia (Low-Beer and Stone, cited by In- 


gram**). Similarly, the calculated 175 r 
total-body dose from radioactive fallout sus- 
tained by the Rongelap natives in 1954 re- 


sulted in decreased lymphocytes, monocytes, 
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eosinophils, and platelets in peripheral 


blood 
year 
cited by Ingram **) 

Although the degree of exposure of the 


lhe depression was still evident one 


after the exposure (Cronkite et al., 


persons is often not known and it is often 


difficult to be certain of a change in periph 
eral blood, particularly at low dose levels, 


it seems fair to say that the constituents 
of peripheral blo« ve are probably very sevisi 


Che 


great body reserves and the defense mecha 


tive indicators of radiation injury. 
nisms of the body make the task of demon 


strating slight changes very difficult, 
especially since our diagnostic methods are 
crude and subject to error 

lor a comprehensive bibliography on the 
effects of radiation on the blood and blood 


forming organs see Reference 86 


Cataracts 


Radiation is capable of interfering with 
the maturation of the lenticular cells of the 
eye and of destroying their anterior layers 
Incipient cataracts develop about three to 
after sufficient 


six months exposure to 


amounts of radiation. Tuttle estimates that 
in the adult human lens x-ray exposures in 
2000 r 
115 


excess of are necessary to produce 


cataracts However, other investigators 
report cataract formation with x-ray doses 
ranging from 200 r to 1000 r.'%*! Further 


more, cataracts have been said to occur in 


all patients who receive lens doses in ex 


cess of 1150 r, regardless of the duration 


of the treatment." Neutrons are consid 


ered to be about 10 times more effective in 


producing cataracts than are x-rays. Among 
the 8000 exposed Japanese survivors, there 
have been only 10 cases of severe cataracts, 
25 cases of impaired vision due to posterior 
polychromatic plaques, and about 200 cases 
with minimal lenticular changes.'! 
Shortening of Life Span and Aging 
The effect on shortening of life span of 
single doses of radiation and multiple doses 
or chronic irradiation has been investigated 
experimentally.* Both methods of exposure 
are effective in shortening the life span of 
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animals in amounts which vary with the 


size of the dose and with the dose rate. 


lor reasons not understood, a single large 
dose is more effective than multiple small 


Paradoxi 


doses of the same aggregate size. 
V 


cally, however, at levels of radiation of 0.1 r 
daily throughout their life, the life span of 
mice may be lengthened by as much as 
10% 63 

It would appear from the analysis made 
by Warren of 82,441 


their age at death to their specialty, that 


physicians, relating 


radiation is also associated with shortening 
of life span in man.'”° He found that ra 
diologists die youngel than do nonradiolo 


gists from every major cause of death, 


with the exception of anemia. Radiologists 
as a group died 5.2 years earlier than non 
11% of the 


S6 


age 20). On the 


radiologists. This amounts to 


adult life 
basis of a 1000 r to 2000 r life-time expo 


span (after 


sure, each exposure unit may be said to be 
responsible for one to two days’ loss of 
life span 

I<xperimental work with animals *!'* sup 
Warren's 


been some objection to Warren's interpreta 


ports contention, but there has 


tion of the human data by statisticians who 


have analy zed the data on the basis of age 


specific death rates. '* It is said that ra 


diologists “would be expected to die at 


younger ages, because there are propor 
tionately fewer elderly radiologists.” 1" 


This does not prove that exposure to ioniz 
ing radiations does not have a life-shorten 
ing effect but does indicate that differences 
in age composition alone could account for 
the apparent decrease in life span noted in 
nonradiolo 


radiologists with 


104 


compared 
gists 

This process of aging is inevitably an in 
herent factor in limiting life span. It is 
possible that the shortening of life span 
which appears to be associated with expo 
sure to radiation is the result of speeding up 
of the aging processes.''* The radiation 


effect on blood vessels and connective tis 
sues certainly suggests that this may be a 
factor, but as yet our ability to measure and 


interpret minimal evidence of deterioration 
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is not sufficiently developed to allow definite 


conclusions to be drawn 


Conclusions 


Any given response to irradiation is the 
result of the interplay of many physical 
factors which acting together characterize 
the agent and many biological factors which 
acting together determine the host’s response 
to the agent. A great deal is known about 
the physical factors, and the agent can be 
more or less tailored to desired specifica 
host's and the finer 


tions The response 


details of biologic mechanisms are, on the 


other hand, shrouded in mystery and are 


not often in our present state of knowledge 
subject to effective alteration. Some of the 
delayed effects of exposure to ionizing radia 


tions may be 


so slight that they are not 
recognized and their importance is not ap 
preciated. This is particularly true at low 


dose levels, where the defense and repair 


capabilities of the body may be sufficient 
to mask or reverse smaller degrees of dam 
age. The struggle may be prolonged, but 


in time if the damage has been severe 
enough and the host’s response not effective 
enough, the injury becomes manifest. A 
long, usually symptom-free, latent period 1s 
radiation-induced le 


characteristic of many 


sions. The total number of known cases in 
most categories of delayed effects is small, 
and the amount of radiation required to 
produce the more serious effects is large 
Radiation-induced malignant diseases num 
ber fewer than 100 


cases in each of the 


several categories, and the induction doses 
are usually 1000 r at a minimum but on the 
average are nearer 3000 1 

[he important thing to recognize is that 
serious delayed effects in man can be caused 
In the 


been sus 


by exposure to ionizing radiations. 


past significant exposures have 


tained because of ignorance, carelessness, 


still 
and cumulative dose ef 


and accidents. There is much to be 
learned about low 
fects and about the existence of a threshold. 
Great strides have been made in the under 


standing of protective devices and in gen 
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erating an awareness of the _ potential 
dangers in unwise use of ionizing radia- 
tions. As agents in diagnosis and therapy 
they have saved and prolonged life and im 
measurably facilitated the practice of medi 
cine They have opened great new fields of 


medical, biological, and physical sciences 


research. As man enters the space age, he 
will come to rely more and more on nucleat 
energy to supply power and industrial needs 
More persons employed in atomic power 
plants, in uranium mining and processing, 
in the production of isotopes, and in the 
scientific and industrial applications of ion 
izing radiations will obviously put more 


persons at risk. Accidents will occasionally 
occur, but the proper use of protective de 
vices will minimize the hazards. Physicians 
must also take steps to minimize the haz 
ards. The careful use of protective devices 


and the avoidance of unwarranted use of 
even the slightest amount of ionizing radia 
tions are the hallmarks of enlightened mod 
erm medical practice. There is no Cause for 
curtailment of any clearly indicated medical 
use of ionizing radiations, but, particularly 
in children, adults, and 


young pregnant 


women, and in benign diseases, the indica 


tions for their use must be carefully re 


viewed, appraised, and justified. 


Cancer Research Institute, New 


(15) 


England Dea 
coness Hospital 
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A New Technique for Ultraviolet Microbeam 


Irradiation of Living Cells 


P. OB. MONTGOMERY, M.D., and W. A. BONNER, Dallas, Texas 


The concept of utilizing a microbeam of 
ultraviolet light for the production of ultra 
violet irradiation damage in selected areas 
of living cells is attributed to Tschachotin, 
in 1912.) 


violet microbeam by means of bringing to 


Cschachotin achieved an ultra 


microscopic focus an ultraviolet — light 


source, using refracting lenses as the focus 
ing elements. His technique suffered prin 
cipally from the difficulties involved in the 
proper aiming of the spot and hence in 
achieving focal irradiation of selected small 


1954, 


a much improved method 


areas of cells. In Uretz, Bloom, and 


Zirkle rept rted 


of obtaining an _ ultraviolet microbeam.* 


Their method had the advantage that the 


microbeam could be focused and aimed 


through the microscope. Thus one could 


visually select by means of focused cross 


hairs the precise spot of microbeam irradi 
| 


ation which the specimen in view was to 


receive. An ultraviolet microbeam of ap 


proximately 7 in diameter may be achieved 


by this method. After the delivery of the 


focal irradiation, time-lapse phase-contrast 


motion pictures of the specimen or one or! 


two ultraviolet-absorption images of the 


specimen may be obtained. Ultraviolet time 


lapse motion pictures could not be obtained 


because of the prohibitively intense doses 


of ultraviolet necessary to obtain such mo 


tion pictures 
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The this will 


be to report 


purpose ot communication 


a new method of achieving an 


ultraviolet microbeam for the purpose of 


producing highly selected areas of ultra 


violet irradiation damage in living cells 


The basis for this technique is formed around 


the concept ot the ultraviolet flying spot televisior 


microscope Che general principles of this instru 


‘ 


ment have been previously reported by us 


Briefly, the ultraviolet flying-spot tele 


microscope tunctions as 


Vision 


follows: A 


scanning spot 


of ultraviolet light traces out a rectangular pattert 
ultraviolet-emitting cathode ray 
raster and im this 


on the face of an 


tube. This pattern is termed a 


application represents the light source. This raster 


voltages whicl 


is derived from two saw-tooth 


determine the horizontal and vertical trace velocities 
determine the 


of the scanning spot nd thereby 


number of the lines in the raster and its repetition 
rate. In practice this raster consists of a rectangle 
1.25 in. in heig and 1.75 


Within this area the spot traces out 


of lines approximately 


in. in widtl 


250 individual lines. This number is arbitrary and 


mav be increased or decreased to meet the resolu 


tion limitations of the spot size of a ive! 


cathode rav tulx The total ster build up tin 


may be adjusted fron 1/20 of a second to 


seconds Phe repetition rate ot the raster A‘ 


uljusted fror 1/20 of a second to several hours 


Che over-all brightness of the raster may be varied 


by altering the grid-to-cathode potential of the 


cathode ray scanner tub Accordingly, selected 


areas of the raster may be intensified or ex 


tinguished by applying a rectangular voltage puls« 


of suitable phase and amplitude between the grid 
] 


and cathode of the tube This pulse 18 


one, arrange d 


scannet 


obtained from two pulse generators ; 


to generate a pulse of variable width when the 


horizontal saw-tooth has reached a predetermined 


voltage level, and the other, to perform a similar 


function when the vertical saw-tooth generator 


The 


outputs of these pulse generators feed a co-inci 


has reached a predetermined voltage level 


dence detector, and the intercept of the horizontal 


and vertical pulses is amplified and brightens the 


scanner tube raster. Adjustment of a vertical delay 





LTRAVIOLET MICROBI.AM IRRADIATIO 


control moves the brightened area up or down the 


scanner-tube raster Adjustment of horizontal 


delay control moves the spot from one horizontal 


+} 


position to anot ‘ raster 


scanner-tube 
will chat ue the 


The 
] 


several hundred picture 


Adjustment of either width 


yuls 
pulse 


dimensions of the brightened area brightene 


irea may be from one to 


elements in size and may be variously adjusted nu 


eX rimental need 


Intensity accor 


converse of tl obtained 


extinguishing the s ri lan intensifying it 


This will produce ar which no ultraviolet 


irradiation is taking p rather an are: 


which intensified irr being give 


The image of tl rast 1 the 


Pace rt ‘ 


scanner tube is demagi a quartz evepiect 


ind a reflecting focused on the specime! 


\ 45 


the eve piece rmits t 1K 


degre minor mounted ribove 


roscope to be mou ted 


conventional! n this manner the living cel 


specimen 1s microspot of radiant 


energy whose du will be given by the imuitial 


spot size, the power optical components, and 


the optical throw Ihe spectral character 
' 


ined by the emuissio1 


istics of the spot 
spectrun of ti . nner tulx modified by suitable 


reflectance filters interposed betweet 
le specimen and t scanner tubs Che radiation 
transmitted by nonabsorbing orf absorbing 
areas of the llected by a quartz cor 
photocathode rt 


ultiplier tube. The out 


denser and directed onto the 


ultraviolet sensitiv 


put of this tubs ideoamplifier, whose band 


width 1 dju je to cover the range of scanning 


speeds and fo hick orrection 1s provided. The 


ives a monitor employing 
tvyx common! 


canner tube 


nonitor tubs a magnified visible 


ibsorption pattern ot the 


specimen appear he radar monitor. The modu 


lation of the monitor tube thus represents the 


impressed on the ultraviolet output of 


modulation 


tubs b instantaneous absorption 


age pot At the end of 


a pulse is generated; 


eacl complete raster In l-up 


this pulse is differer and switched alternately 


to two preset count The counter outputs then 


control precisely the ngt ( the photograph 


exposures and intervals. In this way time-lapse 


motion pictures Of the ultraviolet absorption mages 


of living cells mav be obtained. Figure 1 is a 


general photographic view of the ultraviolet flying 


spot television microscope, with the accompanying 


equipment for time-lapse motion picture photog 


raphy. The pulse generators which produce and 
control the microbeam may 
of the viewing monitor in the upper center 
scanner tube may 


ultraviolet-emitting cathode ray 


be seen just between the two meters below the view 


Vi ontagomery—-Bonner 


be seen on either side 


The 


ultraviolet flving 


pulse generators 


control may be see1 


monitor top center 


ay be seen betwee 


he micro 


nonitor tub | 


just below the 


incubator 


lapse otion picture equip 


nicroscope 1s housed 1 


in front of the ultra 


synchronized time-lapse 


motion pictur qui t may be seen on the right 


j 
] 
I 


of the equipment an 


Figure 
is self-explanator 
By thus making use of the principle of 


scanning spot illumination and the employ 


ment of a photomultiplier tube for image 


conversion, ultraviolet absorption images ot 


living cells may be obtained over long 
periods of time without evidence of cellular 
damage. As previously reported, marked 
cellular damage may be produced by bright 
ening the entire scanner-tube raster.° With 
this technique irreversible damage may be 
produced in less than one hour of scanning. 

With the recent provision for microspot 
a variety of 


intensification or extinction, 
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hitherto impossible ultraviolet irradiation 


studies of living cells may now be achieved 
For example, any area of the specimen 
down to lp» in size may be intensely and 
virtually continuously irradiated while non 
damaging levels of irradiation are applied 
to the remainder of the specimen for th 
purpose of the 


simultaneously recording 


ultraviolet absorption images of the speci 


men by time-lapse motion picture photog 


raphy. Thus one could intensely irradiat 
nucleolus 


ly 


accompanving 


an entire nuc leus, or an entire 


nucleolus down to 


the 


or a portion of a 


in size while recording 


Fig. 3.—l 
sorption im 
HeLa cell 


ened Spot 


ltraviolet 
age a l 

rhe bri 
centered i! 
nucleolus represents 
square microbean 


ultraviolet irradiation 
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FIRST 


SURFACE 
muiRR 


oR 


2.—Block diagrar 


variable 


Fig 
ot sweep-speed 
spot 


television microscope wit! 


ultraviolet flying 


REFLECTING 
MICROSCOPE 


“ provision for muicrobear 


irradiation 


absorption changes in the damaged and un 
damaged portion of the specimen by time 
lapse motion picture photography. l igure 3 
is a photograph of the screen of the monitor 


tube, upon which is displayed 


the ultraviolet 


Che 


represents 


absorption image of a living HeLa cell 


brightened spot in the picture 
a focal area of intensified ultraviolet irradi 
ation being delivered te the nucleolus 

cell the 


appre ximately 


the In this case 


Nii« rospot 
The 


verse of this irradiation technique may also 


Ly in diameter. con 


be accomplished by intensely irradiating the 


cytoplasm while delivering a nondamaging 





ULTRAVIOLET MICROBEAM IRRADIATION 


level of irradiation to the nucleus, or, in 
terms of smaller areas, intensely irradiating 
the entire specimen with the exception of 
the 


This technique there 


the nucleolus, or an area in nucleolus 


down to ly in 


the 


size 
fore offers possibility of studying the 
relationship between ultraviolet irradiation 
damage of the total specimen and ultraviolet 
irradiation damage of highly selected areas 
of the specimen and, in addition, of being 
able to simultaneously record by time-lapse 
the 


motion picture photography resulting 


absorption changes in both the damaged 
and the undamaged portions of the spec 
met \t tech 


nique is available for such studies 


the present time no other 


Summary 


\ new technique for microbeam ultra 


violet irradiation studies of living cells is 


described. 


This technique permits ultraviolet irradi 


ation of selected areas of the living cell 


specimen down to lp in 


| size 


The converse of this technique makes it 
possible for the entire specimen to be in 
tensely irradiated while any area down to 
lw in size is excluded from intense irradia 
tion 


In conjunction with the intense micro 


beam irradiation time lapse motion picture 
studies of the resulting ultraviolet absorp 
tion changes in both the damaged and un 


damaged areas May be recorded 


Department of Pathology, University lexas 


(Mr. Bonner ) 


REFERENCES 
Biol. Zentralbl 


32 :623-630, 


S., in Handbuch der biologischer 


Abderhalden, Berlu 


1938, p. 877 


\\ . and Zirkle, k i 


Arbeitsmethoden edited by | 
Urban & Scl 
3. Uretz, R. B.; 
120-197-199, 1954 
4. Montgomery, P. O’B.; 
Roberts, F. | Texas Rep 
395, 1957 


5. Montgomery, P. O’'B.; 


warzenberg 
Bloon 
Science 
Bonner, \W 
Biol. & Med 


Bonner, W \ and 
Roberts, F I 


1957 


Proc. Soc. Exper. Biol. & Med 


95 -589-59] 





Pulmonary Hyaline Membrane 


An Experimental Study 


MARIO ALVIZOURI, M.D., Morelia, Mich., Mexico 


Numerous recent papers have tried to 


explain the chemical nature and pathogenesis 
of hyaline membranes in the lungs of the 
newborn infant. Many different substances 


have been injected intratracheally in at 


tempts to reproduce them. Generally am 
niotic fluid has been used; 
failed.' 


ink, horse serum, hydrochloric acid, and 


it has usually 
Farber and Wilson,?* using India 


fibrinopurulent exudate, had some measure 


of imconstant success. Tran-Din-De and 


Anderson,’ in a review of the subject, re 


ported intratracheal injection of various 


substances, such as cadmiun chloride, vernix 
caseosa, meconium, Ringer’s solution, and 


isotonic saline solution, with negative re 


sults. Oxygen poisoning, CO. poisoning, 
and irradiation have caused formation of 
hyaline membranes, but not consistently 

4, able to 


produce membranes by intratracheal injec 


Laufe and Stevenson were 
tion of human plasma plus amniotic fluid in 
6 out of 34 guinea pigs; with repeated in 
jection of the same material they obtained 
a higher incidence of success—3 out of 12 
guinea pigs 

Experiments undertaken to ascertain the 
composition of the hyaline deposit have led 
to a conclusions and fre 
More 


Gitlin and Craig,® 


great variety of 


quent contradictions definitive re 


sults were reached by 
who demonstrated an abundance of fibrin in 
the membrane by using a fluorescein-labeled 
fibrin antibody. Later, the same authors * 
showed the reason why histochemical reac 
tions for fibrin fail at times, thus explaining 


contradictions found in the literature 
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Neustein and van Breemen® and van 


Breemen, Neustein, and Bruns,® 


on the basis 
of purely morphologic studies with the elec 
tron microscope, concluded that the hyaline 
membrane consists of a mass of fibrils, 
representing fibrin, cell debris, and plasma 
protems 

The present investigation had for its pur 
pose a search for a substance or substances 
capable of forming a hyaline layer in the 
pulmonary alveoli. The study is limited to 
substances which could appear in the lung 
or could be introduced into it under natural 
conditions and excluded extraneous material, 
such as cadmium chloride and mustard gas, 
which could reach the lung only by ar 
tificial means. 

This 


whether the hyaline membrane is endogen 


paper does not try to elucidate 


ous or exogenous in origin. 


Materials and Methods 
\ total ot 600 


between 500 and 


young male and female rabbits, 


weighing 1500 gm. was used 


They were given injections intratracheally of dif 


ferent substances in amounts varying from 5 to 


15 ml., depending upon the weight of the animal, 
its individual susceptibility, and the type of sub 


stance. Eight animals died during the injection, 


one at the moment of puncture, the remainder after 
10 ml. of 


fluid had been instilled. These animals 


ire excluded from our series. All the animals were 
given penicillin intramuscularly for two consecutive 
intratracheal instillation 
killed in 


The respiratory 


following the 
They 


hours 


days 


were groups of two every 24 
tree was fixed in buffered 


taken 


»f every animal; 


formaldehyde solution. Five sections were 
at different levels from each lung 
the sections were embedded in paraffin and stained 


with hematoxylin and eosin 


Results and Comment 
The 


ing results are listed in the 


substances used and the correspond 


Table. 





PULMONARY HY ALINE MEMBRANI 


Substances Used and Results 


Cases 
with 
Animals Hayaline 
Treated, Layer, 
Substance Injected No No 


Extent of 


Group Lesion 


Control; saline solution 
o7* ‘ 

Human plasma, single 
injection 
Human plasma & cal 


cium chloride, equal 
parts 

Human amniotic fluid 
from Cesarean section 
Human amniotic fluid 
& calcium chloride 
Same as Group V, plus 
oxygen chamber for 24 
& hr 
Human plasma from 
same person 3 injec 


tions at 1, 30, & 45 days 


hese 


jection after taking the experience of other 


substances were selected fer in 


investigators into consideration. [sotonic 


saline solution was instilled intratracheally 


as a control in five animals (Group 1); 


none of these developed a hyaline mem 
brane 

Human amniotic fluid was used in Group 
1V, with practically negative results. Hu 
0.22% cal 


attempt to 


man amniotic fluid mixed with 


cium chloride was used in an 


produce intra-alveolar coagulation of the 


injected substance; the results were equally 
unsuccessful (Group V) 
Che 


same mixture of 


animals in received the 


Group VI 
amniotic fluid and calcium 
chloride but in addition were then placed 
in a closed chamber under a constant stream 
from 24 to 48 hours. No hya 


indeed, of all 


of oxygen 
line membrane was formed; 


the animals, this group showed the least 


inflammatory reaction 
the 
beginning of these experiments, one rabbit 


Through a mistake that occurred at 
received a second injection of human plasma 
10 days after the This 


a small focus of hyalinization. 


first one. animal 
developed 
After this 


i{ rroup 


observation a series of rabbits 


VII) 


plasma_ taken 


was sensitized to human 


from the and 


30, and 45 days. 


Same person 


injected at intervals of 0, 


Iiztsourt 


The animals were killed after the last in 
jection. A hyaline layer was observed in 
the extent 


little im 


seven rabbits, but 
that 
to this experiment 


three out of 
of the 


portance 1s 


lesion was so small 
attached 
Moreover, atelectasis was wanting. 

In considering the investigations that had 
shown the hyaline membrane to be com 
posed of fibrin, the possibility suggested 
itself of producing a fibrin clot inside the 
that 


parenchyma contains thromboplastin 


alveolus. It is well the lung 


More 


over, it is possible to produce an intrapul 


known 


monary fibrin clot by the steps used by 


Quick for determination of prothrombin 
time. With this in mind, an equal part of 
0.22% calcium chloride solution was added 
to human plasma, as in Quick’s technique. 
Since the mixture coagulates in the syringe 
in a matter of 5 or 10 minutes, it was 


Only 
5 ml. of the recalcified plasma was injected, 


prepared immediately before injection 


less than any other substance, because the 
rabbits developed a dyspnea more intense 
than that following the use of any other 


of our materials. 

Unless factors that escape present knowl 
fault, it 
that the hyaline layers and hyaline casts 


edge are at must be concluded 


formed in the alveoli and bronchioli of 
these rabbits are made up of fibrin. 
As a screening step, eight rabbits (Group 


plasma 


were given injections of recalcified 
All of them developed an alveolar 
fibrin ciot and layer, more constant and 
more extensive both per group and per m 
dividual. After this gratifying result, 15 
more rabbits were given injections in or 
der to study the evolution of their lesions 
up to the sixth day 


At the time of the first observation, 12 


hours after injection, the lesion had already 


developed, reaching its maximum between 


24 and 48 hours and beginning to recede 


at about 72 hours. The deposits are not 


identical with the membrane of the new 


born infant but bear a certain 
to it. 


resemblance 
lully developed, they consist of a 


cast and a layer of hyaline material of 
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Fig. 1.—Lung alveoli with hyaline casts 


and layer. No atelectasis is present vet 


Rabbit died 10 minutes after injection « 
recalcified plasma; > 120 


lus lined with a fibrin 


iround it; & 120 


Fig. 3.—Bronchiolus lined with a fibrin 
layer. Atelectasis is present, and many 


alveoli are lined by fibris x 120 


Fig. 4.—Pulmonary alveoh, showing 
casts and a layer of fibrin Atelectasis 


is also seen 





PULMONARY WINE MEMBRANI 


varying thickness, 1. ¢., a homogeneous, 


translucent, acellular substance that stains 


with hyaline material in these 


little 


cosin The 
rabbits is, with 


fibrin. It 


doubt. composed ot 
lines the alveolar and bronchiolar 
fills both 


forming hyaline casts. In 


walls; more frequently it struc 
tures completely 
all instances the zones with a deposit of 
fibrin are surrounded by zones of pulmonary 
ateles tasis, the extent of which bears a direct 


relation to the number of alveoli affected 


lhe intra-alveolar fibrin casts and layer 


with atelectasis were found in 100% of the 
total 1 


of 23 animals given injections of 


recalcified human plasma. Toward the third 
or fourth day the number of injured alveoli 
seems slightly decreased. At the same time 
the fibrin layer begins to show some lysis 
at its points of contact with the alveolar 
wall, taking on a festooned appearance. The 
zone of lysis gradually deepens until the 
fibrin disappears. Toward the fifth or sixth 


day the fibrin layer has almost vanished, 
leaving only scanty alveoli in which a very 
thin hyaline layer can still be identified. By 
this time the atelectasis has also disappeared 
or is at a minimum; in tts stead the alveolar 
thickened, 


agglomeration of 


walls are moderately mainly 


through an intramural 
macrophages. The capillaries are 


dilated 


slightly 


In the course of the first 24 hours the 


alveolar walls and lumina contain many 


macrophages; later, on the second day, they 
also contain a small number of neutrophils 
still This cellular 


and fewer eosinophils. 


{/enzourt 


hig 5 Casts and layers 


within pulmonary alveoli 


infiltrate persists unchanged until the sixth 
day It has not been possible to establish 
a relationship between the amount and the 
situation of the macrophages and the lysis 
of the fibrin layer. This lysis occurs on the 


surface in contact with the alveolar walls, 


which also contain macrophages 


Summary 


\ cast 


produced in the pulmonary alveoli of 100% 


and a layer of fibrin has been 


of a series of rabbits given injections in 
tratracheally of a mixture of equal parts of 
human plasma and 0.22% solution of cal 
cium chloride. This mixture when in contact 
with the thromboplastin contained in_ the 
lung parenchyma forms a clot of fibrin. The 
region of clotting is surrounded by a zone 
of pulmonary atelectasis 


The 


studied for six days following its produc 


evolution of this fibrin layer was 


It is well developed after 12 hours, 


tron 
begins to recede toward the third or fourth 
day, and has practically disappeared toward 
the sixth day. At this time the atelectasis 


also disappears 


Universidad Michoacana « San 


Hidalgo 


Nicolas ci€ 
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Asearidic Granuloma 
An Experimental Stud, 


VICTOR M. AREAN, M.D., Gainesville, Fia. 


\lthough the nematode Ascaris lumbri 


coides is of world-wide distribution, the 


incidence and severity of ascariasis 1s in 


timately related to the hygienic level and, 


therefore, more prevalent m tropical and 


subtropical countries where substandard liv 
ing conditions more often obtain Phe 
infection caused is usually a benign self 
limited one owing to the short life span of 
the adult 


worm (6 to 12 months) In 


massive and repeated infections a severet 


clinical picture may develop 


Children infected with Ascaris not in 


frequently manifest a peculiar syndrome 
characterized by fever, cough, increased ex 
ectoration, eosinophilia, and infiltration of 


(*Loeffler’s 


| 
lungs 


syndrome,” “tropical 


eosinophilia”), attributed to the migration 


of larvae through the pulmonary parenchy 
ma in completing their life cycle in the 


human host.’* More rarely noted are mani 


festations of larval migration through the 


liver.25 Several cases are on record in 


which Ascaris larvae have been found in 


“ectopic” locations (optic thalamus,* spinal 
canal,’ pituitary,® epididymis,” ete. ). 

The commonest complications, however, 
result from heavy parasitization of the in 
tract | 


2000 


testinal have observed a case in 
were counted in 
difficult 


to understand why in such cases episodes of 


Ascaris 
child. It is not 


which over 


the intestine of a 


intestinal obstruction, volvulus, gangrene ot 
the bowel, and regurgitation and vomiting 
of parasites, with aspiration and asphyxia, 
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are occasionally seen, During this retrograde 
migration, the worms may enter the Eusta 
chian tube to lodge in the inner ear or the 
mastoid or, by their writhing motion, make 
their way through the orifices of the para 
nasal sinuses where they are trapped. Be 
cause of the proximity of the parasites in 
their normal habitat to the orifices of the 
biliary and pancreatic system, migration into 
these hollow 


structures commonly occurs 


In extraintestinal locations the worm does 


not survive long; upon its death abundant 
parasite proteins are liberated, which, in a 
patient sensitized to Ascaris antigens, may 
result in an acute necrotizing inflammation 


akin to Arthus’ phenomenon." 
Obstruction of the biliary system has been 
Such ob 


struction may lead to ascending cholangitis, 
11-17 


reported in over 200 instances. 


acute cholecystitis, or, when the pancre 


atic duct is entered, to an acute necrotizing 


18 


pancreatitis Single or multiple liver ab 


scesses are often observed in ascariasis of 
the biliary tract.’**" It is generally accepted 
that the suppurative inflammation is due to 
the luxuriant multiplication of enteric or 
ganisms carried in by the worm; abscesses 
may rupture through the liver capsule, pro 
ducing a subdiaphragmatic abscess; into the 
pleural with 


cavity, development of an 


empyema, or, more rarely, through the an 
terior abdominal wall or into the peritoneal 
cavity. Histologic examination reveals ir 
regular foci of liver necrosis infiltrated by 
eosinophils and neutrophils, and containing 
eggs and fragments of the adult Ascaris 
worm; these abscesses are surrounded by a 
broad zone of 


proliferating fibroblasts, 


foreign-body giant cells, lymphocytes, and 


monocytes. Adult Ascaries are usually seen 
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bile 


necropsy; occasionally they can be demon 


in the ducts at surgery or during 


strated by radiologic examination with con 
trast dyes 
There has been a number of cases re 
ported in which the clinical and pathologic 
features differed from those described 
above. Monserrat and Africa ** reported the 
case of a 3 year-old Filipino, dying as a 


result of tuberculous meningitis, who, at 
autopsy, showed a hard round well-circum 
scribed mass in the portal region; histologic 
examination revealed numerous Ascaris eggs 
in different stages of segmentation sur 
rounded by necrotic liver cells and abundant 
fibrinopurulent exudate. At the periphery 
there was a large number of foreign-body 
giant cells and active fibroblastic prolifera 
tion, with infiltration by eosinophils and 
Neither in the lesion nor any 


adult A 


Starkus “* 


lymphocytes 


where else in the body were 


lumbricoides identified. and 


Rabinavicius ** simultaneously reported the 


case of a 37-year-old woman complaining of 
intermittent episodes of right upper quad 


rant pain and jaundice of several years’ 


duration. Because the clinical symptoms sug 


gested a diagnosis of chronic cholecystitis 


and cholelithiasis, the patient was operated 


upon. At surgery the gallbladder was nor 


mal; however, there were numerous hard 


round reddish-gray nodules, varying from 


approximately 1 cm. to 4 cm. in diameter, 
scattered throughout the upper surface of 
the liver. As the nodules suggested a meta 


static malignant tumor, one was _ resected 


This revealed a 
cells 


granul cytes, occa 


for histologic examination 


central cavity containing necrotic 


abundant eosinophilic 


sional lymphocytes, and numerous Ascaris 
eggs; at the periphery, there was marked 
foreign-body giant-cell reaction and fibro 


Adult 


bile ducts, or in 


blastic proliferation \scaris were not 


lesion, 


More 


reported on six 


identified in the 


testinal _ tract recently Correa 


Henao 7° cases showing 


symptoms of hepatic disease which, on ex 


amination of biopsy material, revealed liver 
abscesses containing Ascaris eggs without 
demonstrable remnants of adult parasites 
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Carrera has also observed a case in which 


the biopsy specimen obtained from a liver 
eggs 
finding of 


Ascaris 
that the 


abscess showed abundant 


Matsubayashi ** states 


\scaris eggs in routine autopsy material is 


not twncommon in Japan, even in the ab 


sence of adult parasites in the biliary or 


intestinal tracts 


It is now well established that Ascaris 


worms may transitorily migrate into the 


biliary system and reenter the intestinal 


cavity. An adult female Ascaris can lay 
from 200,000 to 250,000 eggs per day; it is 
possible that when lodged in the bile ducts 
the hostile ambiance may increase the para 
site activity and accelerate the discharge of 
eggs 


eggs may be deposited to result in severe 


During this brief sojourn, enough 
inflammation. 

There 1s, however, inadequate evidence 
as to the role played by Ascaris eggs alone 
in the induction of such inflammatory re 
Monserrat and Africa ** suggested 
eee, 
body, must secrete some toxic substance to 


action 


that the besides acting as a foreign 


the necrosis and in 
Although 


which a great part of 


flammation is due. Correa 


Henao *° produced liver abscesses in guinea 
pigs, by injection of suspensions of Ascaris 
eggs, the 
three 


induced examined 
after the 
eggs 
to believe that the inflammatory reaction is 


lesions were 


weeks inoculation of the 
suspension of This leads the author 
a typical foreign body granuloma; he does 
not mention the possible role of toxins pro 
duced by the eggs as a factor in the causa 
tion of the inflammation 

In reviewing the literature | have been 
unable to find a detailed experimental study 
as regards the evolution of the inflammatory 
resulting from the 


response presence of 


Ascaris eggs. Moreover, no effort has been 
made to exclude the possible role played by 
other pathogenic organisms in the induction 
of such an inflammatory reaction. The fol 
lowing experiments were, therefore, carried 
out in order to investigate the histopatho 
logic development of these lesions in the 
absence of pathogenic organisms other than 
Ascaris eggs. 


Vol 66, Uect 


1958 





ISCARIDIC GRANULOMA 


Materials and Methods 


\. lumbricoides eggs were obtained by stripping 


the uteri of adult female worms. The eggs were 


washed repeately in sterile saline solution and then 


placed in 2% formalin for 24 to 48 hours. Prior 


to injection, the eggs were again repeatedly washed 


in sterile saline solution, and suspensions contaim 


ing from 16,000 to 32,000 eggs per milliliter of 


suspension were mace 
Albino rabbits weighing an average of 2500 gm 


were utilized throughout these experiments. The 
animals were anesthetized with ether or 


(Nembutal) and 


conditions Asca 


pento 


barbital laparotomized —undet 


septic is egg Suspension Was 


1 
then injected as follows: 1. Ten rabbits were given 


3 ml. of egg suspension (contaming approximately 
16,000 eggs per 


milliliter) into the portal vein 


len rabbits were given injections of 3 ml. of egg 
16,000 to 32,000 eggs 
per milliliter), in portions of 0.5 ml., mto si dif 
Another 

given 
(32,000 


suspension (containing trom 


ferent regions of the liver parenchyma. 3 


group of 10 rabbits were simultaneously 


injections of 1.5 1 of egg suspension 
per mulliliter nto the portal vein and 1.5 


listributed in three equal parts, into distant 


regions of the liver parenchyma. The animals were 


sutured and returned to their cages. Six additional 


rabbits obtained from the same source, but not 
given injections of egg suspension, served as con 


killed at the 


2 4. 8 16, and 36 hours and on the 


trols The animals were following 
intervals 


fth, &th, 15th, 30tl nd Oth dav after imyection 


of the uspensior The tissues were fixed 
Zenker-formol and m 10% 

bedded in parattu oned, and 
’ 


hematoxylin and 


neutral formalin, em 


stained witl 


eosin 


Results 
| he 


proportion to the 


severity of the varied in 


lesions 
number of 


\ftet 


sion Was injected into the porta 


eggs present 


at a particular site 


the egg suspen 


vein, the 
eggs became lodged in the small radicles of 
this Che 


the presence of single eggs were as follows 


vessel ilterations resulting from 


[Two hours after 


injection, the eggs ap 


i continuous layer 
This 


occurred around both intact and partly de 


peared surrounded by 


of eosinophilic granulocytes (Fig. 1) 


generated eggs. The sinusoids of the sur 
rounding liver contained large numbers of 
eosinophils, which 


occasionally infiltrated 


the periportal connective tissue Che eosin 
ophilic infiltrate increased markedly during 
the following six hours; at 


degeneration of the 


this time focal 
hepatocytes at the 
periphery of liver lobules in contact with the 


lesion (big. 2). Mononu 
clear cells began to appear in the exudate 


8 hours after the injection of egg suspen 


was also noted 


sion and constituted a large part of the 
inflammatory cells in lesions older than 16 
hours. Although accumulation of small hy 
perchromatic nuclei, suggesting early for 
mation of multinucleated giant cells, became 
apparent in 8-hour-old lesions, the charac 


teristic foreign-body giant cell did not ap 


Fig. 1 


we surrounded by 


Two-hour-old 


Ascaris 


eosinophilic granulocytes 


lesions 


in a portal radicle. Note the presence of 


eosinophils in adjacent sinusoids of 


Hematoxylin and eosin: * 430 


liver 





Fig, 2—Eight-hour-old lesion. Partly cde 


generated Ascaris egg in lumen of portal 


radicle. Severe eosinophilic infiltrate in peri 
portal space; increasing numbers of mono 


ytes Hematoxvlin and eosin ; x 430 


until the lesions were 16 hours old or 


older (Fig. 3). In 


peal 
36-hour-old lesions, 1n 
addition to foreign-body giant-cell reaction 
and intense eosinophilic infiltrate, prolifera 
tion of fibroblasts was also beginning ( l’ig 
4). At this stage most eggs were degenet 
ated, and occasionally only remnants of the 


shell 


cytoplasm of giant cells and other macro 


chitinous could be identified in the 


phages (Fig. 5). Four days after injection, 


the lesions were composed of abundant 


Fig. 3 
2-cell Stage ot blastomerk 
by multinucleated cel and 
toxylin and eosin; 


Ascaris egg in 
surrounded 


Hema 


Sixteet our old le sion 
division, 
eosinophils 
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eosinophils, monocytes, histiocytes, prolifer 


ating fibroblasts, and foreign-body giant 


cells (big. 6). Pseudotubercle formation 
with abundant epithelioid cells and more 
intense fibroblastic proliferation were char 
acteristic findings in seven-day-old lesions 
(lig. 7). Two weeks after injection, the 
granulomas were surrounded by broad bands 
of connective tissue fibers, infiltrated with 
sparse numbers of eosinophils and lympho 
cytes (lig. 8). Increased amount of fibrous 
connective tissue was seen along the peri 
portal spaces extending between adjacent 
lobules. This change was more prominent 
At this 


time there were partial hyalinization of the 


mn four Ww eek old lesions { Fig. 9) 


connective tissue and scattered pseudo 


tubercles, some still containing fairly well 
preserved Ascaris eggs. In other regions 


the lesions appeared as _ pseudotubercles 
without any remnants of the egg (Fig. 10); 
these granulomas showed a central portion 
made of large numbers of epithelioid cells, 
surrounded by concentric bands of connec 
tive tissue fibers infiltrated with eosinophils, 
and occasional 


ly mphocytes, histiocytes, 


giant cells. Only rarely was fibrinoid de 


generation of the central portion of these 


tubercles noted (Fig. 11). Animals killed 


two months after initiation of the experi 
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Fig. 5 lhirty-six-hour-old lesion. Granu 
lomatous inflammation with giant cells con 
taining fragments of degenerated Ascaris 


eves: marked eosinophilic infiltrate. Early 


x 


fibroblastic proliferation. Hematoxylin and 


“osin; &< 430 


Fig. 4 Thirty-six-hour-old 
lesion Note granulomatous 
inflammation with giant cells 
ontaming degenerated 


Hen atoxvlin and eosin : x 430 


Fig 6.—Four-day-old 
lesion Large area of 
granulomatous inflamma 
tion in portal space. Eggs 
are well preserved and 
are being surrounded and 
engulfed by giant cells 
Monocytes and eosino 
phils are abundant. Hema 
toxylin and eosin; reduce 


slightly from mag. & 215 





Fig. 7.—Seven-day-old lesion. De 


generated Ascaris eggs in cytoplasm 


of giant cells. Note pseudotubercle 


formation at upper right-hand side of 
picture. Hlematoxylin and eosin: 


215 


Fig. 9.—Four-week-old le- 
sion. Extensive fibrosis and 
broadening of portal spaces; 
scattered pseudotubercles, 
some of which contain intact 
eggs Hematoxylin and 


eosin; X< 100 


Fig. & lwo-week-old lesiot Intense 


fibrosis ot periportal space about a 


granuloma. Note fairly well-preserved 
Ascaris egg within cytoplasm of giant 


cell. Hematoxylin and eosin: * 215 





Fig. 10.—Five-week-old — lesion 
Typical pseudotubercle; note ac 
cumulation of epithelioid cells in 
center and intense fibroblastic pro 
iiferation at the periphery. Mod 
erate infiltration by eosinophils and 
lymphocytes Hematoxylin and 
eosin: * 100 


I ig 1} | Ive-Week old lesion P seudo- 
tubercle with central fibrinoid necrosis 


Hematoxvlin and eosin: « 100 


Fig. 12.—Two-month-old lesion 


Partly hyalinized pseudotubercle, 


resulting from Ascaris egg injec 
tion. Hematoxylin and eosin; 


100 





Fig. 13.—Four-hour-old 
after injection of 


le $10n, 
Ascaris eggs in 
liver 


parenchyma. Compare _ the 


severity of the inflammatory re 
sponse with that in Figure 2. The 
large majority of cells are eosino 
phils and red blood cells. Necrotic 
hepatocytes are also present. Hema 


toxylin and eosin: « 100 


ments revealed, for the most part, complete 


hyalinization of the pseudotubercles. 


Lesions induced after injection of larger 


concentrations of egg into the liver paren 


chyma differed from those described above 


only in the severity of the inflammation and 


in the residual scarring (Figs. 13 through 
16). 


were 


In 16-hour-old lesions, large abscesses 
noted located at the 


often 


which, when 


periphery of the resulted in 


rather extensive adhesions to the omentum 


liver, 
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or diaphragm. In late stages focal calcifica 


tion of the granulomas was prominent ( lig. 
17). 

Most of the injected eggs were digested 
or were in various stages of disintegration 


within 


16 hours after initiation of the ex 


periment. However, others were still un 
affected, and blastomeric division proceeded 
unhampered, even in eggs located within the 
cytoplasm of giant cells ( Figs. 3 and 15) 
Intact eggs were also 


found in giant cells 


Fig. 14 


sion. Note the large size of the 


Sixteen-hour-old le 


which 


abscess, contains abun 


dant Ascaris eggs and eosino 
phils. There 1s extensive necrosis 
of hepatocytes, moderate num 
bers of 


epithelioid cells and 


fibroblasts Hematoxylin and 


osin; &< 50 





Fig. 15.—Seven-day-old 


lesion. Note pseudo 
tubercle formation 


\ well-preserved Ascaris 
is in the four-cell stage of division, on the 
upper portion of the picture 
osin; & 215 


Hematoxylin and 


Fig 16.— Four-week 


old lesion. Extensive fi 
brosis replacing an area 
of previous abscessifica 
tion. There are still many 
viable eggs, some of 
which are in the eight-cell 
stage of blastomeric di 
vision. Hematoxylin and 


eosin: & 215 


? 


in 2-month-old lesions. DBlastomeric division 


was never observed past the eight-cell stage 


Comment 


It is obvious from these experiments that 
eges 


causes an inflammatory response, the sever 


the injection of Ascaris into rabbits 


ity of which is directly proportional to the 


number of eggs present at a particular site 


and that neither bacteria nor products re 


sulting from disintegration of adult para 


sites are necessary for the induction of such 


res] OnLSE 
rematr kable eosino 


Ascaris eggs show a 


philotactism which becomes apparent within 
two hours after injection and increases in 


severity during the following six hours. The 


big 17.—_Four-week-old — lesion 


kon al 
ireas of calcification in the center of pseudo 


tubercles. Hematoxylin and eosin; 60 





mechanism by which 


this 
eosinophils occurs has not been elucidated; 
little doubt, that 


some product of the metabolism of the egg 


outpouring of 


there is however, either 
or a chemical constituent of the egg itself 
must play an important and decisive role 
The 


similarity of the inflammatory reaction about 


in the development of the lesions 
intact eggs (as evidenced by their ability 


to proceed with blastomeric division) as 
compared with that found around disinte 
eggs that the 


stance 1s 


grating suggests toxic sub 
likely a 


Campbell ** has shown that kera 
tin obtained fron 


very component of the 
egg shell 
adult Ascaris also causes 
this, 


a pronounced eosinophilia; however, 


is not noticeable 


until several days after 
that 


eosinophilotactism is not due to the antigen 


the injection. Campbell points out 
per se but results from its insolubility, which 
allows it to remain in the animal body after 
specific antibodies are formed, thus giving 
The 


rapidity with which eosinophilic infiltrates 


rise to a hypersensitivity reaction 


occur in the lesions herewith described 


makes it safe to rule out hypersensitivity 
as an explanation, at least during the early 
phases of the inflammatory reaction 

Also striking is the appearance of multi 
cells 


after injection of Ascaris eggs ( Figs. 3-5). 


nucleated giant within a few hours 


Although more numerous in areas where 


degeneration of eggs has occurred, 


also seen surrounding eggs with 


giant 
cells are 
intact shells and viable embryos. It is very 
likely that the substance responsible for this 
granulomatous change is a component of the 
outermost or of the chitin layers; the pos 
sibility that phosphatides or other lipids 
from the embryo may seep out into the tis 
sues to induce transformation of monocytes 
into giant cells cannot be excluded. 

Most lesions proceed to heal rapidly by 
hyalinization, the process taking place be 
tween the fourth and the eighth weeks. In 
some instances, however, a number of pseu 
dotubercles remain in which changes indic 
ative of an allergic-hyperergic phenomenon 
are noted; these are characterized by swell 


ing of epithelioid cells leading to extensive 
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fibrinoid necrosis and disappearance of the 
eggs as ( ig. 11). 
Worthy of mention is the fact that such 


identifiable structures 


findings are encountered only in lesions 4 
weeks old or older, at a time when antibodies 


against the eggs are readily demonstrable 


Mercer et al.,® Perlingiero and Gyorgy,* von 


Meyenburg,? and others have described 


similar lesions in the liver of children suf 


fering from Ascaris infections. Interest 


ingly enough, Ascaris larvae were found 


only in early granulomatous lesions but not 
in others showing fibrinoid necrosis. Zuelzer 
Apt *° 


which a 


and have reported eight cases in 


clinical picture characterized by 


hepatomegaly, pulmonary infiltration, asth 


matic complaints, hyperglobulinemia, and 


pronounced eosinophilia in bone marrow 
and peripheral blood was associated with the 
presence of granulomas with focal necrosis 
and widespread eosinophilic infiltrates in 
sections of liver obtained by biopsy or at 
autopsy; he was unable to demonstrate the 
presence of ascariasis in the lesions by skin 
tests known how 


Since it 1s 


sensitivity 
rapidly Ascaris larvae can be destroyed in 
hypersensitive persons, their absence in the 
lesions is not proof against their being the 
responsible agent. Moreover, negative skin 
tests do not necessarily reflect lack of in 
fection but may be due to an anergic state 
Although other etiologic agents may be re 
sponsible for a similar clinical and_ histo 
pathologic feature, before A. lumbricoides ts 
ruled out as an etiologic factor, more 
thorough serologic testing should be made. 

The capability that Ascaris shows for 
migration into the biliary and pancreatic 
system and also through the intestinal wall 
makes it possible for it to release abundant 
eggs into these cavities or tissues, resulting 
in abscess formation or granulomatous in 
flammation. If the eggs are released in the 
peritoneal cavity, they may be trapped in a 
single fashion and result in scattered pseu 
dotubercles. Unless these granulomas are 
examined prior to complete disintegration 
of the egg, they may be confused with those 
caused by other organisms (Mycobacterium 
fungi) with the 


tuberculosis, consequent 
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ISCARIDIC GRANULOMA 


prognostic and therapeutic implications. It —abscesos hepaticos de los ninos, Rev. méd cubana, 
48 :450-458, 1937 
5. Mercer, R. ID.: uw Z.: Bloomfield 


R. A., and Caldwell, F irval Ascariasis 


is also well to remember that A. lumbri 
coides is second only to Endamoeba histoly 


tica among parasites causing abscesses of the 
el & Cause of Chronic Eosinophilia with Visceral Mani 
liver festations, An hild. 80:46-58, 1950 


6. Beautyma | l Ascaris 


afva ll 


Anterior 


Summary | 


I-xperimental inoculation of Ascaris lum 
645, 195] 


bricoides eggs into the liver of rabbits 


results in an inflammatory reaction, the se 
verity of which is proportional to the size 


of the inoculun Che lesions were induced 

10. Horta, daS., and “ltt Ascari 

in the absence of bacteria o1 products ol ; ; 
Migracao de nu s verme udultos pela 

the adult parasite porta; focos de 1 é a a ie wie adnan 


The characteristic cells of the early stages particular, Gaz. méd t. 5:581-603, 1953 
of inflammation are eosinophils. These are 11. Azevedo, \scaridiose hepatica 
Inst. Oswaldo Cruz 30:115-121, 1935 

12. Navarro 1).: Hepatitis Due 1 

S. T. J. Med. 1:314-317, 1941 


followed within 16 hours by increasing num 
bers of monocytes, giant cells, and fibro 
blasts. Pseudotubercle formation becomes 
apparent about the end of the first week acelin 
after inoculation int. 3:279-301. 1937 
Healing takes place by hyalinization with 14. Esquivel, | 


more or less extensive fibrosis, depending Disease Among Filipinos with a_ Report 
Ascariasis of the Biliary Tract, Philippine J. S 


on the number of eggs present at the par 
. 4-22-43, 1949 
ticular site. In lesions resulting from large 
TS ; f ti ' 15. Matsubara, ‘1 Uher das Eindrnngen der 
oculums, abscess formation is apparen 

pie 7 _ Askariden in die Gallenwege, Ztschr. d. japar 
within 16 hours after the inoculation. 


Chirurg. Gesselsch. 36 :42-44, 1935 


Che similarity of the lesions induced ex 16. Mamikonoff, M Cher die parasitaren 


perimentally to those reported in human l-rkrankungen der Gallenwege ( Echinococcosis et 
infections is discussed Ascaridiasis), Arch. klin. Chir. 168 :422-430, 1931 
7 sckenrot! ‘ascark > des oles 

Dr | Olivet Gonzalez. Professor of Parasit 17 Heckenrot " ] | i at lose le vou 


. , biliaires, Gi: ne rance, | 538-54 932 
ology, University of Puerto Rico, supplied A scaris vliaires, Gsaz. med. France, pp 1, 1932 


eggs for these experiments, and Mr Agustin 18. Giorgacopulo, D.: Migrazione di un ascaride 
Fernandez helped during the operative procedures nel dotto wirsungiano, Arch. ital 


1932 
Department of Pathology, the J. Hillis Miller 


. ( > > ; " t} 
Health Center. the University of Florida 19. Rajahram, S. G.: Case of Abscess of ¢ 


Liver Due to Ascaris Lumbricoides, J. Malaya Br 
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The Effect of Estrogen on 
Function 


JOSEPH D. FELDMAN, M.D., Pittsburgh 


\n intimate relationship between goiter of 
been 


all 


recognized. A 


types and femaleness has long 


satisfactory explanation of 


this relationship has been wanting, and the 


numerous investigations to elucidate the 


problem have been conflicting and incon 


clusive. The effect of estrogen on thyroid 


structure and function in several animal 


species has been iriously described as 1m 


volutionary, stimulatory, or nil (bibliography 


of References 1, 2, and 3). For the rat, the 


consensus has been that estrogen caused 


vidence ¢ decreased activity o1 


histologic ¢ 
the 
that 


involution.4!?) On other hand, recent 


studies have shown several measurable 
functions of the thyroid were enhanced by 


An 


investigation was therefore initiated to cor 


the administration of estrogen.’*!%14 


relate both the structural and the functional 
changes in the thyroid elicited by estrogen 
the relationship 


ind to explain, if possible, 


of goiter to the ovarian hormone 
a dichot 
ob 


1iodine-deficient 


Under the influence of estrogen, 


of ind function 
ed 


thyroid 


omy structure was 


] 


ser\ in the hyperplastic 


his w not found to occur in the 


is 


thyroid receiving an ilequate supply of 


iodine 


Materials and Methods 


ited on 10-12 day 
1 


s before 


experiment, wet use Three experiments 


were done 
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Thyroid Structure and 


two 
The 


‘ = 
taneously daily 


divided into 


A. Thirteen 


six experimental and 


rats were groups, 


seven control 


animals received 
2000 I. tl 

estrone) in 0.2 ml 
. 3 (1.0 
All animals 
diet of Lab 


iodide 


experi 
mental subcu 
* 


ot estrogen I 


(200ue oO 
10,000 


five days 


of saline for a total of 


meg.). Controls received no injections 


were maintained with tap water < 


Blox + containing 


potassium 


B. Fourteen rats were divided into two groups, 


The 


subcutaneous] 


tal and seven control ex 


received 


ot seven experime! 


als 


estrogen 


perimental daily 


100 1. | of 


amin 


(10ug. of estrone) in 0.2 


ml weeks: the total dose was 


5500 | 5 g. ¢ received no 1 


loubl 


ontrols 


yections They were maintained 


] 


distilled and iodine-deficient 


had 


100 gm 


water an 


which been added 20ug f iodine ( 


per of diet 


C. Fourteen rats were divided in two gi 


oups, 
The 


daily 


of seven experimental and seven control 


subcutaneous 


0.2 ml 


expe rimental animals received 


100 1. U. of estrogen (10yg. of estrone) i 


ree times weekly for 


2000 1. | 


of saline every two days tl 


seven weeks; the total dose was or 


0.20 me. Controls received no imyjections hey 


were maintained with doubly distilled water and 


an iodine-deficient diet (as in Group B) which was 


effectively 


goitrogen 


Twenty-four hours before the rats of 


iwutopsy 
5 yc.-Omc 
the thyroids 
tis 


the three groups were given injections oi 
\t 
tree 
0.1 meg 
fixative for serial sectioning 
(PAS) The 


a well type thallium 


x I™ § intraperitoneally autopsy 


were immediately dissected of adventitial 


sue, weighed to the nearest on a torsion 


balance, and placed in 


and periodic acid-Schiff staining 
fixed glands were counted in 
Nal 
1x10’ cpm per microcurie of | 

The 


ured 


activated crystal counter with a sensitivity of 


31 


height of follicular epithelium was meas 


with an ocular micrometer. Fifty measure 


* Theelin—Parke, Davis & 
estrone per cubic centimeter 

+ Wayne Lab-Blox, 0.00043% 

Nutritional 


Company, mg 
KI 

Biochemicals Corp., Clevelend 28 
The diet contained approximately lug. % of iodine 


Oak National Labora 


Tenn 


§ Obtained from Ridge 


tories, Oak Ridge, 





Lffect of Estrogen on 


Group Rats, No 


Body Wt 
Controls 315+ 8 
Estrogen (1 308+ 10.7 
over 5 days 

Controls 

Estrogen (0.55 

over 8 wk 

Controls 

Estrogen 


over 7 wk 


* + standard error of the mean 


+ Significantly different from controls at 5% 2) level 


$ Underlined figures are significantly different from the 


ments gland, from cells clearly 


l An 


ana 
follicles, 


taken im each 
basal 


peripheral and central 


were 


delineated at their luminal borders 


equal number rT 


transversely cut, was studied 


Results 


A. In the Table, Part A, the results of the 


first experiment are shown. Under the in 


fluence of relatively large doses of estrogen, 


for five days, the thyroidal uptake of |! 


was markedly increased, compared with con 


trol uptake. Despite this functional dif 


ference, no structural change was noted in 


the estrogen-treated thyroids. There were 
no microscopical alterations to account for 
the somewhat increased absolute and relative 
thyroid weights of the experimental group 
compared with the control group. The one 
taken, 


cell height, was the same in both groups 


anatomical measurement follicular 
Though there was some histologic variation 
(size of follicles, quantity of colloid, stain 
ing of colloid, vascular channels, etc.) among 
the animals of the two groups, it was not 
constant or greater than the variation with 
in groups 


B 


induced by the brief administration of large 


Since alteration 


no morphologic was 
doses of estrogen over a short period, it was 
thought that the more prolonged administra 
tion of the ovarian hormone might accom 
plish this. Smaller doses were used because 
large doses of estrogen over eight weeks 


debilitated the rats 


HO 


Thy» 


wt 
13.0+0.40 
14.3+0.32 * 
13.94 


41.3418 


32.5+1.09 » +0 4 


control 
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nd Structure and I unction 


Uptake of I'4 
100 Mg. of 
Thyroid 
“% of Dose 


Height of 
Follicular 


Epithelium 


Thyroid 


Mg 


Thyroid Wt., 
Mg BW 


90.14 12.1+0.5 
5 12.0+0.49 


$440 4 10.6+0.34 


0.41 


om 9.94 


13.2+0.72 


+0).68 


Table, P 


experiment 


data of the 


As 
for eight 


In the the 


B, 


shown 


art 


second are above, 


the administration of estrogen 


weeks augmented thyroidal accumulation of 
['*! but did not alter thyroidal structure 
The absolute thyroid weight was not sig 
nificantly different in the two groups of rats 
However, owing to the marked weight loss 
in the animals receiving estrogen, the rela 
tive thyroid weight was significantly greater 
in the experimental group as compared with 
the control. Follicular epithelial height and 


over-all histology were unaffected by the 


hormone 

C. It was apparent that although estrogen 
jis it 
did not alter thyroidal structure in rats re 
It 


might be possible, however, to affect thyroid 


influenced thyroidal accumulation of 
ceiving adequate iodine in their diet 


structure if the gland were hyperactive, 1. e 
a morphologic effect might be more easily 
visualized if the thyroid were deficient in 
iodine 

the 


Part C of 


administration of 


the third 
the 


In 
lable, 


relatively small doses for a period of seven 


experiment, 
estrogen in 
weeks elicited both functional and structural 


changes (Figs. 1 and 2). Under the in 


fluence of estrogen, thyroidal accumulation 
of p's 


weight 


Was augmented, absolute thyroid 


was significantly depressed below 


control levels, and follicular epithelium was 
significantly lower than that of controls 


Histologic examination revealed also, in 
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ESTROGI! ON THYROID 


Py. 
ey 
estrogen-treated thyroids, an 
colloid, 
colloid staining, and an enlargement of fol 


lumens, all 


increased 
quantity of in increased depth of 


licular features of involution 


(Fig. 1). In comparison, control thyroids 
showed high columnar epithelium, decreased 
follicular size, and decreased colloid content 


and staining (Fig. 2) 


As before, the ex 
perimental animals weighed significantly less 


than their respective controls 


Comment 


estrogen elicited in rats given an 1odine 
deficient diet all the characteristics of thy 
fattening of 


involution ; epithelium, 


colle nd 


roid 


increased content, enlargement of 


big 2.—Hyperplasti 
thvroid ot rat gl 
iodine-deficient diet. Fol 
small; epithe 
columnar an 
follicular lu 
reduced Re 
from mag 


vel 


licles are 
lum 1s 

colloid and 
mens are 
duced 15% 


24) 


l-eldman 


Fig 1.—Involutionary 
changes in thyroid of rat 
given iodine-deficient diet 
and estrogen. Follicular 
epithelium is cuboidal; 
follicles and follicular lu 
large - and 
colloid iS ine reased, con 
pared with Figure 2. Re 
duced 15% x 


>A) 


mens are 


trom n 


follicles, etc. Despite the involutional 


change s, at least one measured activity, thy 


roidal uptake of I'*', was significantly 


stimulated, This was an interesting dichot 
of structure and 


omy function, precisely 


the opposite of what is found during the 
administration of antithyroid drugs, 1. e., 
morphologic hyperplasia and hypertrophy 
associated with hypofunction. On the other 
hand, in rats receiving adequate iodine in 
their diet, estrogen did not alter thyroid 
morphology, while thyroidal uptake of i= 
still 


explanation for these results at the present 


was enhanced. I have no reasonable 


time. Others have reported that estrogen 


caused atrophy or involution in the thyroids 





ats presumably ingesting adequate 


iodine s-ES 


It was apparent that under the special 


conditions of deficient iodine intake estrogen 


not only did not produce goiter but actually 


iccomplished the opposite. Similarly, this 


ovarian hormone caused a decrease in thy 


roid weight when the gland was made hy 


perplastic and iodine deficient by — the 


10.12.15 


idministration of 


propylthioura¢ il. 


that whatever the 


rei.ore, 


causal connection between femaleness and 


goiter, estrogen was not necessarily the 


etiologic factor. Since estrogen, howevet 


was shown to affect a number of parameters 


netabolism, usually indicating 


of thyroidal 
| 


stimulation, perhaps much longer periods of 
' 


inistration would be needed 


he 


investigation have been reported elsewhere.* 


horn onal adn 


t results of this latter 


© induce goitet 


lhe locus of action of estrogen on the 


thvroid was 


lhe 


that develop with deficient iodine intake have 


not determined in these experi 


ments hyperplasia and hypertrophy 
been attributed to increased TSH production 
the Henes 


changes in 


ind discharge from pituitary 


the involutional 


by estrogen in_ th 


and atrophic 


duced iodine-deficient 


thyroid might be iscribed to inhibition ot 


hypophyseal TSH at its source (inhibition 


tion, of discharge from the 


of produc 
pituitary. or of both 


here 


itter Several reports have shown 


or its peripheral utili 
zation is no direct evidence bearing 
on this 
that estrogen diminished hypophyseal con 
iSH,™*" 
iltering hypophyseal production and 


TSH 


their observations 


tent of which is quite different 
trom 
discharge of Others have interpreted 
to indicate that estrogen 


TSH. 


estrogen directly affected the 


stimulated or inhibited 


The tact 


pituitary 


thyroid, without the intervention of — the 
pituitary, provided an alternative explanation 


results." \t 


action of estrogen on thyroid function and 


for these present, then, the 


structure 1s still incompletely known, and 


its relationship to the pathogenesis of goitet 


remains unclear 


University of Pittsburgh School of Medicine 
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The Effect of Chemotherapeutic Agents on the 


Growth and “Differentiation” of Bacteria 


NATHAN 8B. FRIEDMAN, M.D., and ROBERT E. HOYT, Ph.D., Los Angeles 


It has been demonstrated that certain 


antimitotic agents can stop the division of 
cells 


In the case of the intestinal epithelium of 


without affecting their differentiation 


rats, for example, the synthesis of mucus 


and the resultant differentiation of reserve 


cells into goblet cells continues despite doses 


of irradiation, mustards, or aminopterin 


which inhibit division.* Similarly, — the 


maturation of sperm in the seminiferous 


epithelium of rats and mice proceeds after 


treatment with doses of mechlorethamine 


hydrochloride (nitrogen mustard) or ir 


radiation which interfere with the mitosis 


of the more undifferentiated elements.* In 
experimental tumors in mice, as in spon 


taneous tumors in man, one of the char 


acteristic effects of ionizing irradiation or 
certain alkylating agents is increase 1m the 
cytoplasmic mass of the treated cell due to 
persistent protein synthesis and a concomi 
tant increased formation of specihc cyto 
plasmic products despite failure of division 
For example, poorly keratinizing or trans 
tional epidermoid carcinomas produce. mort 


cells 


irradiation 


keratin and melanomatous become 


le vaded 


Conversely, 


‘ 


with pigment after 


certain other antimitotic 


agents inhibit both differentiation and divi 


sion Urethane and colchi ine, for example, 


interfere with the differentiation of goblet 


cells in the jejunal mucosa? and do not 


Submitted for publication June 11, 1958 
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ogy, University of Southern California 


uhh 


Experimental Pathology, 


permit the maturation of sperm,® while 
colchicine affects the production of pigment 
in experimental melanomas.‘ 

The suggestion has 
effects of the 


hibit 


that the 


which in 


been made 
antimitotic agents 
differentiation are 
RNA 


action of the modalities which 


mediated through 


interference with activity and that 


the locus of 
permit differentiation but inhibit division is 
DNA? In 


suitable for 


order material 
than the 


tumors and tissues under study, it was de 


to obtain more 


chemical analysis 


cided to employ bacteria 


One of the well-known effects of anti 


bacterial agents, growth inhibitors, and other 
substances on bacteria is the production of 
giant and filamentous forms. They are, of 


course, also seen in aging cultures and 


under a variety of unfavorable nutritional 


and environmental conditions. These forms 
seemed somewhat comparable to the giant 
cells produced by chemotherapeutic agents 
cells Pre 
the effects 


and irradiation in mammalian 


liminary surveys were made of 


of irradiation, mechlorethamine 


( hloride, 


ri ph rhe wy 


hydro 


colchicine, and urethan on_ the 


and chemical reactions of 


Strains of Pseudomonas. paracolon spec 1es, 


Proteus, and Candida by the addition of 


the chemical agents and P* to the cultures 
(aiant forms were readily produced ( Figs 
1 and 2) 


urethan 


It was furthermore observed that 


inhibited pigment formation by 


Pseudomonas at a concentration one-tenth 


of that required to produce giant cells, 


which phenomenon was generally associated 
with the beginning inhibition of growth. A 
concentration one-fifth of that necessary to 
growth of 


inhibit the culture completely 


suppressed pigment formation It was 





Methods 


ru 


it 


il 


d Photomict 
iph of smear trot 
ustard treated culture 
of Pseudomas. Note giant 
orms. Nigrosin; reduced 
ibout 10% from 

1200 


I ricdman—Hoyt 


incubated 


Kj l 


graph of sme: 


control culture of 


is Nigrosin ; 
ibout 10% fron 
1200 


hare oncentratiol 


milliliter of uretl 


mechlorethamine 
1 al 


48 hours. Some we 


hours 


of the slant was col 
water \ 0.1 ml aliquot 


n cuvette until it gave 
ind 100 Coleman nephelos units 


calculated according to the 








GROWTH PIGMENT 


DENSITY 


g's 


7) 














3 0 
DAYS 


igmentation and growtl 
cultures ) 
} 


Pseudor and in 


tures mitaim ! hloret! vdrochl 
Wl is ata 
V2. of 


Value 


amine 

0.3 mg. per n 
The higl 
is YOU 


und 


trol 
ol 


1) t t 
Model 9 Nepl 


' 
was expressed is the 


mstru 


Colemat o-Coloru 


neter 
lensity nephelos 


plied by <1 by 10 
Upon 

ulture 

ours, 

total volume hlorotorm lhe 

amount of pigment u chlorotorr x trac 

ally 


us 


: was 
Model 


a 655 my (red) 


then estimated colorimetri 


y Nepho Colorimeter 


in a Coleman 


witl ot 


filter. Pigment concentration was expressed n 


terms of optical density 


which was ftound to have 


1 linear relationship throughout the various ranges 


ested 


oft pigment tr 
Colon 


ell 


heant 


concentration 


counts were also performed and packed 


volumes measured as well, but the 


most sign 
results were obtained when the turbidometri 


the 


in parallel { Figs ) 


lensity and intensity of 


und 4) 


pigment were plotted 


Results 
The 


Figures 3 and 4 and visually in Figures 5 


results are shown 


graphically in 


and 6. 


The inhibition of pigment production by 


mechlorethamine hydrochloride was propor 
tionately less than the inhibition of growth 
Considerable pigment was produced at con 
centrations of at 


mechlorethamine which 


Ho 
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PIGMENT 
DENSITY nae 


PC 

















3}, with the exceptior 
» cultures im pla 
hlorice he 
per milliliter for UJ] ar 

17? The hichest 


growth demsit 


concentrator 


there was significant interference 


growth. Conversely, urethan markedly in 


hibited pign 


ent production at concentrations 
vhich interfered very little with growth, and 


blo« ked Con 
still 


pigment formation could be 


concentrations which per 


growth 


Comment 


It is interesting that urethan, which in 


hibited differentiation in the mammalian 
cells studied, inhibits the formation of pig 


where is mechlor 


inhibit the differentiation of mammatian ele 


ment by TPseudomonas 


ethamine hydrochloride, which not 


ments, does not inhibit formation = of 


pigment by [lseudomonas Incidentally, 


iodoacetate has been reported as inhibiting 


. 


formation of pyocyanin but not growth 

If differentiation can be defined ® as the 
act or process of acquiring individual char 
acters, one might consider the production of 
pigment by Pseudomonas to be as indicative 
of differentiation as the keratinization of 
an epidermal cell or the pigmentation of a 
Since RNA plays a 


key role in enzyme forming systems # 
7 ; £ S!} 


melane ymatous element 


and 
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EAEECT HideA rH LUT IGENTS 


pigmentation 
Pseudo 


ot 


ultures of 
oncentrations 


The tube on the 
concentratior ot 


the right 


an be a product ot 


RNA « be 


fferentiation in bacteria 


pigment ¢ regarded as 


enzymatic synthetic activity, an 
considered basi tod 
is well as in other 


Phe 


intitumor 


dichotomy which exists tn the effects 


of on the division and 


agents 


} 


differentiation of both normal and neoplastu 


mammalian cells 
able 
Antibiotics, 
irradiation, and nutritional deficiencies may 
DNA or RNA affect 
ay predominantly affect 


Phe 


as the production of polyploid and 


is paralleled ® by compat 


dissociations with regard to bacteria 


ionizing irradiation, ultraviolet 


affect either without 


other or 


ing the 


one or the other parallel even goes 


far 


as 


giant forms. The polyploid states produced 


by colchicine have been compared to certain 
effects of antibiotics, particularly the tetra 
cyclines.1°" 


'2 inhibit protein 


Phenylalanine analogues 
synthesis, RNA, and the formation of B 


galactosidase and other inducible enzymes 


Hoyt 


Friedman 


ON BACTERIA 
Penicillin inhibits the formation of B-galac 
RNA 


Cony ersely ; 


associated with 


13 


tosidase, which is 
controlled protein synthesis 
Kelner '* has shown that ultraviolet irradia 
tion inhibits DNA but not RNA synthesis 
md Herriot '* has poinied out that mechlor 
ethamine hydrochloride inhibits DNA more 
than RNA Webb and Nickerson '® 
that folie analogues 
de 


although 


it doe s 
demonstrated acid 
hlaments and 


DNA 


caused | coli to form 


creased basophiha and 


growth was not inhibited 


~ 


Weisman !* dis 


irradiation and chem 


Loveless poerl. and 


cussed the etTtects of 


ical agents as regards the dichotomy between 


the effects of 


lol 


the to 


an agent on growth and on 


division icid antagonists were found 


t both 


echlorethamine 


by growth and division, 


iffec 


but 1 hydrochloride and 


] 


triethylenemelamine, they reported, like 


ent 
iltures of 

tube o1 
centration 
iement 


] 


(second 


1s 
tulx 


concen 





irradiation, affected primarily division. It 
is of interest that by their criteria colchicine 
and urethan were placed together, since in 


our work on mammalian cells there were 


also certain similarities in the effects ot 


these two agents 
and 


DNA 


completely 


It is. of obvious that 
RNA 


pendent 


course, 


synthesis are not ince 
Chloramphenicol, for example, al 
DNA RNA 
certain conditions,'® does 
transfer to DNA of the P** in 
RNA until the drug is 


This is of 


though it inhibits but not 
synthesis under 
inhibit the 
corporated into the 
in regard 


noted that 


withdrawn interest 


to our present work because we 
pigment did develop in some of the cultures 
more rapidly at low concentrations of 
mechlorethamine hydrochloride than it did 


Possibly the block described 


by Astrachan might result in temporarily 


in the controls 


increased synthetic activity of the processes 
controlled by RNA 


Cohen ad 


and Barner reported that thy 
mine deficiency resulted in a lethal imbalance 
between continued cytoplasmic growth of 
E. coli 


They emphasized that some of the effects 


and an inhibited nuclear synthesis 
of antibiotics might be mediated through 


affecting the normally mutually interde 
pendent balance between growth and divi 
sion in micro-organisms. In an earlier paper 
from this laboratory? the suggestion was 
made that the cells of some tumors might 
retain both the capacity for division of the 
reserve cell and the capacity for differentia 
tion of the postmitotic differentiating ele 
ment. It was pointed out that some of the 


therapeutic effect of antitumor agents 
might therefore be the result of encouraging 


differentiation at the expense of division 


Summary 


In Pseudomonas urethan inhibits the pro 
duction of pigment disproportionately to its 
effect on the growth of the 
Mechlorethamine hydrochloride 
mustard) affects growth and pigmentation 


organisms 


(nitrogen 


to a comparable degree, although it does 
interfere with growth somewhat more than 
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it does with pigmentation. The differing 


effects of the growth of 


pig 


ment are compared to the dissociated effects 


drugs on the 


Pseudomonas and on its formation of 


of antimitotic agents on the division and 


differentiation of mammalian cells. Certain 


similarities between the actions and efiects 


of antibiotics and anticancer agents are 


pointed out 
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“Insulitis” in Early Juvenile Diabetes 


PHILIP M. LeCOMPTE, M.D., Boston 


\s noted by Warren,’ changes in the pan 
creas in childhood diabetes may be expected 
to throw more light on the pathogenesis o 


Phis 


should be particularly true of patients who 


the disease than those of later life 


die within a short time after onset 


Infiltration of the islands of Langerhans 


by cells, usually 


lymphocytes, is a rare 


lesion. In the absence of a diffuse pan 


creatitis, it is apparently specific fo 


diabetes mellitus and is practically confined 
to cases of recent onset in children, although 


a few examples have been recorded in 


idolescents and adults It was ce 


young 
scribed in the writings of some of the early 
diabetes * but received littl 


\\ irren 


nl childre 1 


students of 


attention until emphasized its 0 


currence 


Because the rarity of this lesion may be 


more a 


pparent than real, and because there 
ire interesting pathogenetu 


implications, it 


seemed worth while to describe four cases 


provided by colle igues 


Report of Cases 


1 


weigh 
mother 
glucose 
norm alt hour 
healthy 
ppetite, until 11 
Ap 

ned “d lil 


emed iry like parchment 


163 at he baby was 


respons months 


ril 20, 1953, his mother 


UY 


His appetite w 


ybarbita 


phen 


desire 
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morning ould 


April 


was rel 


not 


head and itive responsive 
wimitted to tl 


Keene, N. H., 


wcetone odor or 
in the urine 
msulu 
child 
Autopsy 


The body 


easuring &O 


spite ot 


und the 


Dhe viscera includ 
arkable Che panct 


firm and lobulated 


the mvocardia fibers 


Microscopically, 


seemed narrow and without vacuoles, al 


though was demonstrated by the 


(PAS) here 


were small focal hemorrhages in the lungs 


glycogen 


periodic acid-Schift method 


ibus Ima branch ot 


| he li 


glycogen and also a 


ind a fresh thron 


1 pul 


monary artery er cells contamed 


good deal of fat im fine 


vacuoles. In the kidney the distal convoluted 


and collecting tubules contained fine fat 


droplets; surprisingly 


The pitu 


nor al 


glycogen was not 


demonstrated gland appeared 


to be within with numerous 


AC idophils 
lhe 


general, the acinar tissue showed no change 


pancreas was well preserved In 
except that in some lobules it appeared more 


Che 


reduced in 


compact than elsewher: islands of 


Langerhans were not number 


in fact in were definitely 


Phe 11 


fron 


one section thes 


more numerous than usual appear 


ance Vat ied considerably 


section to 
section and in different 
\bout 
no change other than reduction in granula 
the B-cells 


aldehyde-fuchsin stain 


parts of the same 


section half of the islands showed 


tion of 


when stained with 


(gomorr Hydropi« 
either with 


PAS 


shrunken ap 


demonstrated, 
with the 
islands had a 


composed ot 


change was not 


ordinary methods or 


The 


pearance, being 


Stain 
remaining 


narrow cords 





“INSULITIS” IN JUVENILE DIABI 


Fig 
ipper part 
ippea;©rs fairl 
the lower part, espe 
toward the left 
ymphocyti rh 
ipparent 


nd dark 


witl 
1 


of rounded cells with hyperchromatic nuclei 


and scanty cytopl isn hese cells could be 


shown by trichrome and Bodian methods * 


to be a-cells.* In some instances both type 
of 


islands could be seen in a single micro 
SCOP held { | ly l 


ot 


In some of the islands 
second 


cells, 


This infiltration was sometimes in 


the type, an infiltration of small 


round ipparently lymphocytes, could 


be seell 


interstitial tissue within the island, some 


times in a peripheral distribution, in and 


around the capsule of the island. Occa 


sionally it seemed to occur in one part of an 


* Silver robabl, 
shows silver-positive 


likely 


not specinc tor 


more to be an 


TES 


Fig : @& 
Chere 
Lange rhans, 


ase 1) 

two islands ot 
the one 
the left essentially normal, 
the one on the right ap 
pearing shrunken, with 
some lymphocytes and ap 
parent continuity ot 
cord with acinar 

(arrow ) 
in the 

the 


are 


on 


a cell 
tissue 

‘I he clear 
centet 
interstitial 
tween 


space 
represents 
be 
the 
about 


200 


tissue 
two lobule S ot 


pancreas; reduced 
ce 


© trom mag 


of the smaller 


(Fig, 2) 


island where the cells were 


deep-staining variety There was 


no evidence of acute inflammation or ne 
crosis, Occasionally, in islands of the second 
type, there was apparent continuity between 


1) 


white girl had been 


insular and acinar cells ( lig 
Case 2.—An 11-month-old 
well week prior to 


Nortl 


family 


until one admission to the 


Carolina Baptist Hospital There 


Het 


Two days prior to 


was no 


history of diabetes first symptoms 


were fretfulness and anorexia 


she and had 


\ physician treated her for pneumonia with 


admission vomited “peculiar” respira 


trons 


out improvement, and the day before admission 


she continued to vomit, became lethargic, and 


voided large quantities of 


urine. She was admitted 


to another hospital, where the 


to a 44 


During the 


urine was found 


give reaction for both sugar and acetone 


next 17 hours she received 1400 ml 


451 





of parenteral fluids and 85 units of regular insulin 


Che urine sugar and acetone gradually decreased 


> 


o 2+ sugar and no acetone, although the blood 


sugar three hours before had been 596 mg. ‘ 


She did not impr nd was transferred 


unconscious the h Carolina Baptist 


1SS101 


pital. On adn 
120; 


“mperature was 100.4 
] 
12-16; 


hlated pupils whicl 


pulse respirati weight, 18% 


She was perspiring 


not rez riit he urine was negative for 


Sugar an acetone, nd the blood 


Sugar Was fre 


ported lreatment with intravenous 


invert sugar and dextrose was of no avail, and 


Other laboratory 
leukocyte 
6 seemented neutrophils and 13 


monocyte and 


she died a few hours later 
findings before death included a 


of 23,000, witl 


count 


| 
| 
/ 


nonsegmented, 8 lymphocytes, 1 


hemoglobin, 11 4 gn 
5,000,000; B. | N., 24 m %; COs, 


ervthrocytes 
12.6 mEq 


105.4; sodium, 129; potassium 


2 myelocytes ; 


per liter; chlorides 


4.9 
Autopsy 


Che only Significant findings ww 


than the pancreas were suppuration in 


mucosa of the trachea, minimal interstitial pneu 
, 


momtis (in part composed Tt irge mononuclear 


und minimal inflammatory | 


hanges in sever 


cells) 
other However 


cultured the heart blood 


MV. A. ARCHIVES OF PATHOLO( 


Che pancreas, as in the previous case, 
showed considerable variation in the histo 
logic picture from section to section and 
from field to field. There was again an ap 
pearance of lobules 


of the 


compactness in certam 
gland \ 


(certainly 


minority of the islands 


less than half) appeared essen 
tially negative except for loss of B-granula 


tion Over half of the islands’ were 


composed of narrow cords of cells, with 


scanty cytoplasm and condensation of nu 


clear chromatin similar to those in_ the 


previous case, Again these cells are assumed 


to be a-cells because of the absence of B 


granules, although in this case silver stain 


ing was not successful. In many sections, 


though not in all, there was rather extensive 


cellular infiltration, of mixed nature. con 


sisting largely of polymorphonuclear leuko 


cytes, with some lymphocytes and large 


unlike the 


last, the cells involved the islands quite in 


mononuclear cells. In this case, 


timately and often extended into the intersti 


tial tissue as well. In places a shrunken 


The Te 
nams of an island, 
dark-staining 


composed 

cells wi 

cytoplasm, 1s 

whicl 

polymorphonucl 
partly lymy 


scanty 
rounded by cells 
part ly 

leukocytes, 
evtes: * OOO 
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INSULITIS” IN 


EARLY JUVENILI 


remnant of an island was surrounded by an 


ibundant exudat 
Case 3 A 9 
well until 
wet the bed for th 
a great deal of w: 
was unusually tire 


During 


25 minutes 
General Hos 
=>) 


extraordinary 
ot the father 

16, and 17 vea 
lutops 
No 


other 


Significant 
than 
weighed approxin 


ret arkable grossly 


Micros« Op ally 


acute diffuse pancreatitis, 


some of the lar 
infiltration of pr 
in the interstitia 
the imterlobular 


cellular exudate 


big 


tensive 


+ (Case 3) 


lymphocytes, both 


wd around ar 


three nig 


pulmonary 


e (big. 3) 


S 


year-old boy had been apparently 


admission, when he 


gnts I € 
e nrs 


Next day he drank 


hat « vening he 


iter and milk 


d and did no 
KC Uj 

he tollowing day 

He 


admission 


supper 


went into 
He 
Massachusetts 


recorded 


con 

ched 
1 the 

xl sugar being 


t's family history was 


brother and two 


sisters 


diabetes at the 


ages ol 


recort ed, 
pancrea 


rot “apy ar 


grt findings were 


Phe 


te 0 em. and did 


congestion 


the pancreas showed an 


with necrosis of 


ge ducts and an extensive 
1ymorphonuclear leukoc yies 
l tissue, especially involving 
this 


strik 


In of 


the 


regions View 


it was all more 


infiltration 


withi 


DIABETES 


find a /ymphocytic infiltration of 


(perhaps a fourth) of the islands 


There was also a suggestion that 


this process antedated the acute pancreatitis, 


in that a few of the islands showed a dis 


tinct increase in connective tissue \gain, 


as in the two preceding cases, there was 


variation in the histologic picture presented 


by the islands. Some showed the narrow 


cell cords noted above, and for the most part 
these were the islands involved by lympho 
cytes. Other islands approached a “normal” 


appearance, but most of these showed a 


definite hydropic change in the B-cells (un 


like the In 


there were rare examples of apparent con 


other three cases) this case 


between cells of 


tinuity an island and those 


of adjacent acini 


ki] 
old 


CASI } 


weight for 


bor had beet losing 
two weeks and had _ had 
polydipsia the 
lhe 


last 


polyuri: for about same time 


latter symptoms had become severer 11 ] 


ission. In 
seek 


admission he 


three davs before adn spite ot 


ing by | family, he refused to medical 


tention. On the evening before 


to vomit, al he following morning | 


sented hospital. On admission 





Mary's 


hydrated, and 


drowsy, ce 
blood 
6.3 mEq 


Hospital, Montreal, he was 
hyperventilating. The 


was 468 me. %, 


sugar 

and plasma bicarbonate, 
fluids and 

but the blood pressure fell and his rectal tempera 


fluids, 


per liter. He was treated witl 


insulin, 


ture rose to 108 F. In spite of 


1500 uw 


sponging 
and over 


hed, still with hi 


mo si¢ if int wross 


Aside from an unidentified pigment in the 


cells of the renal tubules, the microscopt 
findings were confined to the pancreas. The 
acinar tissue did not appear remarkable, but 
the islands of Langerhans showed a strik 
ing and uniform type of change. They were 
composed of narrow, compact, ribbon-like 
cords of those described 


| he cell cords 


serpentine 


cells, similar to 
above but even more striking 
were often quite long and and 
occasionally seemed to merge with adjacent 


Chey 


parently homogeneous, acidophilic cytoplasm 


acinar cells again had a seanty, ap 


and rather deeply stained round nuclei with 
dense masses of chromatin. In places these 
cell cords were outlined and rendered more 
prominent by an increase of the connective 
tissue of the islands (Fig. 5). In addition, 


many (perhaps a fourth) of the islands 


showed lymphocytic infiltration, usually in a 
peripheral capsular distribution. No mitoti 
figures were seen, and there was no definite 
evidence of 


necrosis or hydropic change 


1 M IRCHIVES OF PATHOLOG) 


Granule stains showed a. striking — pre 


dominance of with bright-red-stain 


are ells, 
cells but 


Most of 


also silver-positive with 


ing granules not only in the islet 


also in some of the acinar cells 


these a-cells were 


the Bodian stain 


Comment 


\s noted 


lymphocyti 


above, occasional ol 


Cases 
infiltration of the islands of 


Langerhans were observed by © several 
of the early students of diabetes, beginning 
with M 1902 


Keferences are 


ipparently Bb. Schmidt,* in 


6 
given by Kraus Some 


ime hydropic change was seen, but in 


many cases they noted an association of 
the round-cell infiltration, with islands hay 


ing the narrow 


S 


ribbon like, compact struc 


ture mentioned above In fact, the 
* closely 
here The 
structure was also described by 
MacCallum '® and by Cecil.* narrow 


\\ Cl hselbaum ae 


as atrophy 


llustrations of lischer ® and Kraus 


resemble the cases presented 


ribbon like 
Dhese 


cell cords, described by 


ind by Kraus * following hy 


dropic degeneration, are held by Ferner '* 


1 


and Hartz ' to be composed of a-cells, 


as could be determined this was 
The sc 


rudimentary or 


and as far 


true im the 


present cases authors 


regard them as partial 


islands and not as true regeneration 


> (Case 4) lwo 


Is show lymphocytic 
nfiltration, narrow cords 
lark-staiming cells, and 

ite mcrease in con 
tive tissue; reduced 


15% from mag. 175 





INSULITIS : IR] CLENILI 


Grobety '* and 15 described a similar 


phenomenon vithout lymphocytic in 
filtration illoxan and regarded 
the cell is 1 cle 


iplied by 


a-cells which 


up of 


apparently mult amitotic division, 


could find no mitoti 


Warren 

infiltratio 3 of 
Phe 
three cases i ron 2 to 19 


since they 
In 1925, 


lymphocyti 


higures 


16 


ind Root described 


26 cases of 


diabetes diabetes in the 


months 


They remat presence of some 


} ] 1 
normal appearing Sta I l all 


| CASES 


sug 
gested an inj acting over a long 


period of ti with regeneration of islands 
until their power to 

Warren ! 
the pathology of 10 cases in children, most 
had had the 


with only 


occurring regenerate 


1927 


Was Overconie In described 


of whon disease for several 


years showing lymphocytic 
infiltration. How n the 
and \\ 


fulminating cases (on 


following year 


Stansheld recorded two acute 


undiagnosed clini 


cally) in children, showing a few polymor 


phonuclear leukocytes in the interstitial 


tissue and ly 


child had 


with infected 


phocytes in the islands. One 


been drinking milk from a 


COW 


udders 


The cases re presented have some of 


the features ribed by other authors, 


ea £.. the imiabl ippearance of the islands 


(| ig l the narrow ribbon-like cell cords, 


the often peripheral distribution of the 


lymphocytes, and the occasional early fibrosis 


of an island Hydropi change, the classical 


lesion of acute diabetes of recent onset, was 


seen in only one case but was also uncom 


mon in the previously reported cases; this 


insulin in some 


reasons 1s 


might be due to the effect of 
cases, or tot 


Lymphocytic ition of the islands is 


obviously a rare lesion, though perhaps not 


as rare as it see s it 1s easily overlooked 


and was not mentioned in the orginal pro 


tocols of two of the cases here presented ) 


Its probable mportance 1s suggested by two 


facts: first, that it urs in cases of recent 


OC 


onset in children at 


one might hope to find evidence of 


pathog nesis of the disease, and second, that 


Let 


miptle 


d young adults, where 


the 


DIABETES 


it is not characteristic of the lesions found 


in experimental diabetes (alloxan diabetes 


is notable for the lack of cellular response 


in the islands,'* and the various types of 


hormonal diabetes do not show it !). Also, 


it does not resemble the infiltration of 


eosinophils seen in the infants of diabetic 


mothers.*°*! Therefore, one may perhaps 


be justified in regarding cellular infiltration 
of the islands as a potential clue to the na 


ture of the injurious agent in human 


chabe tes, at least of the “grow th-onset”’ type 


he presence of a cellular infiltrate in the 


ight 


s 


islands of 
} 


| ingerhans nN conceivably 


m explained in three ways 1) as a result 


of direct invasion of the islands by an in 


fectious agent, 2) asa manifestation of 


functional overstimulation or “strain,” 


as the cellular reaction to damagt 


unknown nonbacterial agent 


first possibility, i. e., that of direct 


invasion by a bacterium or filtrable virus, 


gains some plausibility from the age inci 


dence of most of the reported cases and 
from the very frequent association of some 
obvious infection, usually respiratory, with 


the onset of symptoms of diabetes in in 


fants and children.**:** There are reported 


cases in which a close association between 


clinically typical mumps and the onset of 


diabetes has been noted,** and Gundersen * 


has claimed to find a relation between 


epidemics of mumps in Norway and_ the 


appearance of increased numbers of dia 


betics in later years Recently the Coxsackie 


viruses have been shown to involve the 


pancreas, at least under experimental condi 


tions.* Certainly cases such as those of 


Stansfield and Warren ?* and Case 2 of the 


present series, in which an intense cellular 


infiltration, largely of polymorphonuclear 


leukocytes, involved many islands, are sug 
gestive of an active infectious process. ( ther 


cases, and this includes most of those re 


ported, in which a mild lymphocytic infiltra 


tion affects a minority of the islands, are 


less convincing. An antigen-antibody reac 


tion must also be considered. In any case, 
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the apparent sparing « some islands ts 


difficult to explain 


The second hypothesis, that the cellular 


infiltration is a manifestation of overloading 
or overstimulation of the islands, was pre 


ferred by von Meyenburg,** who gave a 


fairly extensive discussion and apparently 


Chis 


theory of “strain” may be criticized because 


was coiner of the term “insulitis.” 


of its vagueness and also because the ex 


perimental (and human) lesion usually ac 
cepted as indicative of functional overloading 
of the B-cells is 


(glycogen deposition ), although doubts have 


hydropic degeneration 


been expre ssed.** It is true that lymphoc vi 


infiltration and hydropic degeneration may 


occur together in the same pancreas in 


human diabetes (Case 3, above ). but the 


hydropic change so characteristic of experi 


mental diabetes due, e. g., to pituitary or 


adrenal hormones or partial pancreatectomy, 


or certain doses of alloxan, is not accon 
1% The view 


panied by cellular infiltration 


Kraus,® 


of narrow cell 


point of that the islands composed 


cords, with or without 


lymphocytes, represent “atrophy following 


hydropic degeneration,” is perhaps insufh 
ciently supported 


rhe 


infiltrate represents a response to injury by 


third possibility, that the cellulat 


some unknown agent, perhaps has some 


validity from the considerations just men 
tioned. Such an agent would presumably 
B-cells 
tissue damage to elicit the accumulation of 


cells 
filtration, the post alloxan picture described 


destroy the and produce enough 


xcept for the lack of round-cell in 


in the rat by Grobéty and Faller is similar 
Sommers ** has suggested that the breaking 
down of basement membranes in various 
organs leads to aggregations of lymphocytes 
Actual disruption of basement membranes 
was not demonstrated in the cases presented 
here, but there was some evidence of split 
ting or reduplication of such membranes in 
the islands (Fig. 5) 

As noted above, the lymphocytic infiltra 
tion is characteristically associated with the 
presence in the islands in which it occurs of 


narrow cords of cells with scanty cytoplasm 
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and deeply stained nuclei, which seem to be 
chiefly a-cells when it ts possible to do a 
often 
cells 
In the past these ribbon-like cords 


successful granule stain and which 


appear to be in continuity with acinat 


(big. 1) 


of cells have been variously regarded as 


representing regeneration or atrophy lt 


seems probable that they represent rudi 


the B cells 


Some such 


mentary islands and _ that may 


be inhibited from regenerating 
assumption seems necessary, for mstance, m 
Case l, 
weight, it is likely 


had 


later lost 


where, in view of the baby’s birth 
B-cells at birth 


hyperplasia which they 


that the 


a capacity for 


Conclusions 


Cellular infiltration, usually lymphocyty 
of the islands of Langerhans is a relatively 


rare but possibly significant lesion, en 


most often in diabetes of acute 


countered 


onset and short duration in children. Its 


apparent rarity may be due in part to the 
fact that such acute cases come to autopsy 
only under exceptional circumstances 

Such cellular infiltration is commonly as 


sociated with the presence, in the islands 


in which it occurs, of cords or ribbons of 


cells 


stained nuclei, which are 


with scanty cytoplasm and darkly 
apparently a-cells 
and which probably are a manifestation of 
injury rather than of effective regeneration 


This 


be a 


“insulitis” may in a few instances 


response to actual invasion of the 
islands by an infectious agent, although this 
has not been demonstrated. It is more likely 
the aftermath of an injury which may differ 
from those involved in the commonly recog 
nized forms of experimental diabetes. It 1s 
probable that this injury in some way im 
hibits the regeneration of B-cells 
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Histochemical Proof of Organic Phosphate Poisoning 


CHARLES S. PETTY, M.D., New Orleans 


Since the introduction and now wick 


spread use of the organic phosphate in 


secticides, many of which are extremely 


toxic to man, a method of proof of fatal 


poisoning by these agents has been sought 
Che organic phosphates have been the source 
they are 


of accidental poisoning; occasion 


illy used as suicidal agents and, although 


not yet reported, may be expected to be 


employed as homicidal agents These potent 


compounds all combine more or less irre 


versibly with the cholinesterases of the body 
Therefore, one method of proving the cause 
to quantitate the cho 


of death would be 


linesterase activity of various tissues re 


moved at autopsy It would be eXper ted that 
the cholinesterase levels of the tissues would 
be markedly depressed and in some in 
stances all activity might be obliterated 
The (RBC 

ind pseudo ( plasn 1) cholinesterase levels 
blood 
method applicable to one body component 


Chis 


cability of this syste 


determination of the true 


suggested as a 
1 


of the has been 


has been investigated, and the appli 
of analysis and proof 
has 
ago, in the 


in the forensic pathology laboratory 


detailed. Several years 
Pathology, 


that the 


been 


Imerican Journal of Bergnet 


ind co-workers * suggested histo 


chemical demonstration of true cholines 


terase activity at the myoneural junction 
(motor end-plate area) of skeletal muscl 
valid way 


might be a to prove death due 


to organic phosphate poisoning. By in vitro 
incubation of human skeletal muscle in solu 
tions containing various organic phosphates, 
she was able to demonstrate histochemically 


a depression or obliteration of cholinester 
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ase activity in the motor end-plate area. Ex 
periments were also carried out with animals 
poisoned and killed by various organic phos 
phates. Here again the enzyme activity was 


either diminished or completely 


No studies 


were available in cases of fatal organic phos 


markedly 
inhibited by the toxic material 
phate poisoning in man. To the time of 


this writing no such «¢ study has been 
reported 

The following case of fatal poisoning duc 
to one of the relatively toxic organic phos 
phate insecticides has been studied, with use 
of the postmortem examination of red blood 


cell 


chemical 


cholinesterase activity and the histo 


demonstration of enzyme activity 


at the myoneural junction in skeletal muscle 


Report of Case 


\ 23-year-old white 
crop-dusting compat 
maintenance man. ¢ 
death he had beet 
been used five « 
with . 
by the 


course ol 


SVstox 
subject 
cleaning ircraf | na was 


dampened by stean cleaning 
' 


operation In tl rly afternoor complaine 


of headache und tl becar useated. He was 


given two 1/100 era ) tablets of 


atropine sulfate, ar cause of the rapid progres 
sion of symptoms | hospitalized at 3:25 p.1 
Upon the initial examination, at 3:30 p. m., he was 
found to be comatose and cy and to have 
Blood 


were 


inotic, 


muscular pressure was 215/125 
markedly 


twitching 
The pupils 
’ 


was muci 


mm. Hg constricted 

with 
Moist 
fields. An 


muscles was noted 


There sweating ar salivation, 


mucous and exudate issuing tron the nose 


rales were heard throughout the lung 


extensor type of rigidity of the 
yellow were seen about the hands 


Several stains 


an insecticide con 
(O,O-diethyl 
> 3% 


ind petroleum distillate 


*Systox is a trade name for 


centrate containing 26.2% Demeton 
Q-2-ethyl 


related organi phosphate s 


] 


mercaptoethyl thiophosphate), 





INI 


MH OF ORG 


immediately treated 


Wi productive of « 


id 


is 


(oxygen was 


1/75 


followed 


grain (0.87 mg.) 
nearl\ in 


\ 


doses of the 


ivenously total oO 
drug 
t intravenous imyection, 
he patient’s aeration varied 

m. multiple 
noted. Intravenous 


ull (65 meg.) dose 
but tl 
sl 
lat 
Cictll a 
t, 3,000,000 


100 


patient's 


j 


e more illow, and 


boratory were as 

per cubic 
pet 

22.500 per ub 


Le 
ve 


] 
forms, 1 


morphonuclear 


\ ] 


blood che 


our 


llows 


Phe 
reve aled a 


1600 


aurw 


weighed 
Is appeared congested 


revealed extreme 


were noted 


, , 
intercostal muscie Was 


clean bottle Blood 


eart and both the blood 
arriving the 


The blood 


upon ar 


laborator Y, 
was performed 


linesterase activity 


rival following day histochemical 


studies were initiated 


Methods 


The method isher and Pope‘ as modified 


red blood cell cholinestet 
the 


dete 


1 to determine the 


me tor 


ise” was use activity ot 


cholinesterase 0 blood sample. This particular 


PHOSPH 


method 


pr 
Sa 


th 


Sa 


junctions 


of 


B 


With 


Al 


i 
p* 
re 


re 


IThk POISONING 


of analysis was chosen because of n 


blood 


In my hands 


blood 


evious experience with it in analysis of 


mples from ubjects 


postmorten 


e method yields satisfactory results witl 


mples shipped without refrigeration 


To stain the true cholinesterase at the myoneura 


in intercostal muscle, the basic method 


(,omor}, 


was employed 
the 


modified by 


Moore 


histochemical procedure 


Koelle and Friedenwald 


ergner,’ and by Petty and 


this particular 


cholinester licated by a brown pre 


The 


poisone d 


tive ase 1S im 


in the on of the motor end-plate 


regi 


tercostal muscle m the presumed 


and A 


tl autopsied subject 


fre 
uscle tron a 


rad 


rough 


rson control of simular 


cen who died 


sult of trau were irried the 


lo prove 
ral 


junction 


upon cholinester: its presence, 


the subiect’s 
interc« 
1On 
Staining 
notor 
cholinesterase | 


reactions 


upol 


cholinesterase activi 


the fumes 


Also, 


of the r 


was 
cert 


Is¢ ani 


Systox was given ll 


\ { 


was 


studies 0.5 cx 


traperitoneally grown albino rat tet 
the death of intercostal muscle 


for cholinesterase the 


In pro 


cedure, muscle from a second rat, killed by a blow 


excised and stained 


myoneural junctions the same staining 


over the cervical spinal cord, served as a control 


Results 
The red blood cell cholinesterase activity 
was 0.38uM. of acetylcholine utilized under 
the of In our 


condition the experiment. 
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RBC cholines 


who had causes ot 


laboratory, the postmortem 


terase level in 97 men 
death other than organic phosphate poison 
ing averaged 1.52, 0.74 


2.384M of acetylcholine utilized.* The level 


with a range of 


of 0.38 is lower than any observed by us, 
blood 


the organic phos 


with the exception of from actual 


cases of poisoning by 


4 
1 
! 


phates.® This level is highly suggestive, if 


not actual proof, of such poisoning 
The results of the histochemical staining 


of the intercostal muscle from the subject 


Fig. 2—P ho 
graph of normal hun 
intercostal muscle stained 
for cholinesterase actiy 


itv: < 165 


ARCHIVES OF PATHOLOG) 


big l Photomicre 
graph of human intercos 
tal muscle taken fron 
fatall 


person presumably 


poisoned with Syston 
Cholinesterase activit Ss 
markedly diminished, 

uxlicated by the ver 
light staining in the motor 


end plate areas < 165 


is shown in photomicrographic form as 


igure 1. The pale staining in the region 
of the motor endplates indicates cholines 


terase activity that is much less than normal 


This is particularly evident when Figure 1 


) 


is compared with Figure 2, a control prepa 


ration. No histochemical evidence of ch 
was demonstrated when 


linesterase activity 


muscle was exposed to DEP prior to stain 
ing 
The effects of fumes of Svystox on cho 


linesterase activity at the myoneural jun 





HISTOCHEMICAL PROOF OF ORGANI 


graph of human 
tal muscle treated 
with Systox tum 
strained for 


ise aACcTIVILV ; 


1 
seen. DY 


that the 


tions in human muscle can be 


examining Figure 3. It is evident 


ictivity of the cholinesterase 1s nearly ob 


literated, and the preparation resembles that 
of Figure 1 
effective in the rat in 


Phat 


bringing about death within 30 minutes was 


Systox is 


evident in the three instances in which this 


preparation was given. The ammals ap 


parently died as a result of respiratory fail 


ure following convulsive seizures, 


ind muscle fasiculations 


stained for motor endplate 


PHOSPHATI 


activity is shown 


diarrhea, 
Intercostal muscle 


cholinesterase 


POISONING 


Muscle 


1 rat killed by a blow over the cervical spine 


| igure 4 from 


is shown in Figure 5. That there is marked 


depletion of motor end-plate cholinesterase 
following death by Systox poisoning in the 


rat is evident by a comparison of the two 


hgures 

Rat muscle, incubated in Systox fumes 
before being carried through the histochem 
is shown in ligure 6 


ical procedure, Again, 


depletion of the cholinesterase 


marked 


activity 1s 


P otomicre 
ot rat imtercostal 
muscle taken from animal 
killed by Systox injection 
Stain for cholinesterase 
activity 1s very 

165 


light ; 





Fig. 5.—P hotomicro 
graph of normal rat in 
stained 


tercostal muscle 


for cholinesterase activ 


itv: X 165 


Comment 
Several facts point to the cause of death 
The 


is compatible, and the symptoma 


due to organ phosphate poisoning. 
history 
tology is typical of such poisoning.”” The 
blood 


and plasma) indicate poison 


antemortem cholinesterase levels 
(both RB¢ 
ing by one of the organic phosphates. Such 
a marked depression of the RBC cholines 
terase activity is never seen physiologically, 
and the level clearly lies outside the range 
of normal. No disease entity is known 
which will depress the cholinesterase level 
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big 6 Photo 


graph of rat 


micro 
intercostal 
treated in vitro 


fumes and 


vstox 
cholinesterase 


165 


stained for 


of the red blood cells; indeed, the red blood 


cell cholinesterase level is remarkably con 


stant in any given person and not subject 


to great variations from the usual level.!! 


One other case of human fatality due to 


exposure to Systox is known." 
If, however, the history, symptomatology 


and the results of the antemortem blood 


cholinesterase determination were not avail 
cholinesterase 


blood 


the postmortem 


able, 
level together with the histochemical studies 
would in themselves be adequate proof of 


poisoning due to exposure to one of the 
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HISTOCHEMICAL PROOF OF ORGANIC PHOSPHATE POISONING 


potent anti holinesterase compounds. Some chemical and histochemical procedures. Drs. Robert 
ard ( Dickman 


evant to the case 


studies employing postmortem blood cho W Huntington Jr, and Ric 
provided tissues and d: re 


I 
j 
! 


linesterase determinations have been re 


reported herein 
0 


ported 11° To my knowledge, however, the 


. -# Louisiana St 
proof of fatal human poisoning by histo 
chemical means has never been reported in — 
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Summary ' 


Histochemical demonstration of dimin 
ished cholinestera ictivity in the motor D 
; as 

ite region in intercostal muscle from t 


] . 
le orensi 


end iu 
a case of fatal human poinsoning with hed 

Systox, a toxic organic phosphate prepara » Petty, ¢ 

tion, was the method used to prove the 10. Grob, D.: ¢ 
4. M The Tox 


cholinesterase Insecticide Parathion (p-Nitrophenyl 


cause of death This was correlated with 
the postmortet red blood cell cholinesterase ‘ 2 ; ; 
Diethyl hicnophosphate ) " lohr Hopkins 
2 Hosp. 87 :106-129, 1950 

ind both in vitro and in vivo studies of rat 11. Barnes, |. M.: Control of Health Hazard 


muscle demonstrate that Systox 1S capable Associated with the f Pesticides, 


saci 


level. In vitro lies with human muscle 


of de pressing the cholinesterase at motor Pest Control Res 
end plates 12. Griesshaber, \ 
Lily F. Dunn, M.S., and Elizabetl Moore, bekamptungsmittel, Sudwes 


he performance of the bio 158, 1952 





Whipple's Disease—Observation on Systemic 


Involvement 


JOSEPH C. SIERACKI, M.D., Detroit 


Study of the tissues of patients with 
Whipple's disease has shown a widespread 
involvement with cells containing a charac 


Che 


of these cells in the peripheral lymph nodes 


teristic cytoplasmic particle presence 


allows the diagnosis to be made during lif 


without recourse to laparotomy The cyto 


logic features are recorded in this paper 


\ survey of the pathologic findings, both 


yross and histologic, of five studied 


| ord 


Cases 


at the Henry Hospital will be re 


por ted later 


Materials and Methods 


These observations are based, for the most 


on parathn sections of formalin-fixed tissue 


air-dried smears and m.prinis. Hematoxylin and 


Lillie 


were 


eosin stains ul the short-variant periods 


acid-Schiff reaction used routinely on 


Tissue 


sections, and the Mavy-Gruenwald-Giemsa stam, as 


well as the Schiff reaction mentioned above were 


used on imprints and smears. A variety of ther 


fixatives and stains were used im selected 


Observations from Histologic Sections 


In 1953, while studying the nonlipid 


containing histiocytes within the club-shaped 
villi of the small intestine and lymph nodes 
from an autopsy (our Case 1) I first be 


came aware of certain previously und 


scribed cytologic features. In hematoxylin 
and eosin preparations, many of these cells, 


had 


showed a “bubbly” or vacuolated cytoplasm 


which typical histiocytic nucleus 


{ ] ig ] 1 ) Che “bubbly or globular” cyto 


plasmic material was light blue-gray and 


had indistinct borders. The cytoplasm 


Submitted tor publicatior | une 11, 1958 


Henry Ford Hospital 


to4 


proper appeared as light eosinophilic thin 


strands often interwoven between the irreg 


ular masses of gray-blue material 
However, atter the 


rr, A. Bal 


from the 


periodic 4 id Nchitt 


technique was applied to 6 


block, the 


‘ ytoplasmic 


sections same parathn 


positive ( chastase-resistant ) 
particles, while occasionally having a glob 
often had a 


sik kled 


sharply 


ular appearance, more conhg 


uration 


suggestive of erythrocytes 


whose ends were pointed Phe 


particles stained bright red, or magenta, 


ind gave a more intense reaction than 


mucin in the intestinal glands. lurthet 


more, the intensity was not related to the 


volume of the particle In addition to the 


sickle forms, there were “tear drops,” hair 


like other 


Phe 


about 2” to 5 in over-all 


threads,” and Variations on a 


“tactoid” form “tactoid” particles 


were commonly 
length, but larger and smaller 


sizes were 


seen. lor reasons described in a_ subse 
quent report, we have called these particles 
“sickle-form particles” and the cell contain 
ing this type of material, the sickle-forn 
» cell 


particle-containing (S. [’. ¢ 


It should be emphasized that the sickle 
torm particle is not the only type of F. A 
S.-positive nonlipid material found in these 
characteristic cells, e. g., amorphous glob 
ular and linear strands, of magenta-staining 
demonstrated 


( ells 


stuffed” with these particles, and careful 


material can be Further 


more, many of these seem “over 


examination is required to resolve the indi 
vidual particles (Figs. 1B and C and 24 


and 2) 





SYSTEMIC INVOLVEMI 
oe 


y 7 


“ ff, 


25/6) Tt 


ig. 1 1, mesenteric lympl 
node from Case 1. Note nonlipid 
(S.P.C.) cells with “bubbly” 
cytoplasn Hematoxylin and 
eosin; 640. B, same block as 
! Arrows indicate’ S. P. ¢ 
cells, showing cytoplasm parti 
cles having sharp points. Per 
w«ic acid-Schiff technique; 
< OF. | same section as A 
Insert at upper left is P.A.S 
stained imprint of a similar case 
\rrows pointing downward in 
dicate lipid containing histiocyte 
\rrows pointing upward indi 
ite nonlipd histiocytes 
P. ( cells) Note that 
um cell” of P. A. S.-prepa 
1 of the imprint does not 
ntain positive cytoplasmic 
particles 


lary Iwmpl . 
S.P.C. cell “overstuffed” wit! 
haracteristic particles. Period 
vcid-Schiff techrque : x O40 
B, imprint of mesenteric node 
from Case 3. S. P.( ell sur 
rounded by Ivmphocytes. Note 
more slender sickle-forn parti 
cles, as compared to { Phis 
S.P.C. cell also contains um 
form vacuoles, as seen in usual 
foam cells. Periodic acid-Schiff 
technique; 640 





B 


Various 
this case 
Se 
nodes and a cell 


\ study of 


other tissues and organs fron 


showed similar collections of S 


cells, including peripheral lymph 
block of peritoneal fluid 
lymph nodes and intestine from 
a wide variety of diseases has not yielded 
any findings comparable to these, which we 
consider specifi 


fall of 


for Whipple's disease 


In the 1953, an axillary and an 


inguinal lymph node specimen were sub 
mitted to the department of pathology from 
Case 3, with a clinical diagnosis of lymph 


oma, Hodgkin's type. Routinely stained 


sections and imprints showed an appearance 
similar to that described for the autopsied 
acid-Schift 
technique confirmed these observations, 


Whipple's 


\ laparotomy 


case Case 1) Che periodic 
and 
disease 


the diagnosis of was 


rendered one month later, 


and a subsequent necropsy, confirmed this 
diagnosis 
The 


that followed, allowed us to study the S. I 


material from this case, and others 


, 


C. cells in more detail, using the imprint 


and smear preparations of various tissues 


Observations from Imprints 
and Smears 
In smears and imprints stained by the 


Romanovsky method, numerous vacuolated 


466 


mmpt 
nph node 
dicates 
negative 


particles 
particle 


on with row 


X< 40. B 


Che 


IN appearance 


histiocytes were found nucler of all 


histiocytes were similar (One 
group of these macrophages were the usual 


type of histiocyte “foam 


cell,” 


cytoplasmi 


lipid-containing 
g 


with predominantly uniform-sized 


vacuoles; another type, in 


which the apparent “‘vacuoles’’ were less 


distinct, varied in size and gave the cyto 


plasm a “moth-eaten” appearance 


When these cytologic preparations 


acid-Schift 


were 


subjected to the periodic tech 


nique, these two varieties of histiocytes 


were again apparent. The histiocyies with 
out lipid generally contained varying num 


bers of the sickle-form positive 


cells 


cells ) 


reacting 


particles. Less frequently with uni 


form sized vacuoles (foam showed 


one or more positive sickle-form particles 


This was particularly prominent in those 


preparations containing giant cells. As in 


the tissue sections, not all of the visible 


positive particles were sickle form, and a 


variety of shapes, from hair-like threads 


to irregular globular masses (ranging up 


to 50n to 60”) were present 
Some preparations were stained with the 


Giemsa stain, photographed, and subse 


quently subjected to the P. A. S. reaction 
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Phe Sall 


c\ toplasi 


ration wel 


sickle-torn 


Since 
imprint 
to the 1 


parti le s 


Va uoles which 


ance to 


present 


strated 
y* riton 


cells 


periton il Thun gs 


entertaining the 


ant I 
by Va 


teristic 


posit \ 


ly stained 


posit 
Phe 


strate 


the 


ind smear pre] 


SS 


1 


tie 


ca 


I} 


ron 


1 
pe 


e 


(dl 


lise As 


Tissue 


that 


ther 


eT 


SYSTEMIC INTO! 
had the irregulat this condition 


the Giemsa prepa 


re ported 
ot the istolog sections tron 


contain numerous \ study 


gs. 34 and P) two other cases 
ll is examined 1n_ the ported frot 

parations (in contrast revealed sin the intestine, 
Ss) there were more mesen¢ periphet il 


w irregularly shaped 


“moth-eaten” appeat 


cells were often seen Summary 


staining particles im ’ : 
i , \ Nog studies of the 
vOXVIIN and cost ‘ . 
ry = ; en ises O Whippk dl mon 
1s MICTIOTIIC 
rated a characterist periods icid-Sehift 


| 


dily obset eq 
{ )-] U1 cytoplasmic particle mM 


cases The cells con 
taining particles are cle 


scribed 


les have been cle mon 


wesothelial cells of the pleural 


pericardial, and synovial lining 
Ww) eTice in a cell block oft 
1} fl ogests the possibility ot 


vgnosis of Whipple's dis 


such material. Smears stained 


inicolau technique leave the chara 


| unstained and show the 


1 1) 
pat ICiCsS 


P. A. S. reaction when subsequent 


iately lLurthermore, the 


appropt 


particles are diastase-resistant 
s |’ cells have been demon 
in all of our cases of Whipple's 
\ number of these cells in various 
ind organs have led us to believe 
lespread involvement 1n 


‘ 1 wid 





Cerebral Mucormycosis 


MARTHE E. SMITH, M.D.; DeWITT K. BURNHAM, M.D., and MELVIN B. BLACK, M.D., San Francisco 


Cerebral mucormycosis is a rare’ '* but iT , and normal veims Miu 


} — 2 
distinctive entity, usually a rapidly fatal a 
° . . retina with some 
complication of diabetes mellitus The fol : 
splasl \ 
lowing is a classical example, adding the 


displayed a lat 


18th case to the literature traumatic chorornditis The opthalmolog 
agnosis was as tollows: “Old retimal t 
Report of a Case choroiditis of left eve, mild diabetx 

and recent acute vascular hypertensive 


Histor his J8-vear d t | ' 
History Chis . ear-old white married male art was slow with good tones. Lu 


store manager entered St. Luke’s Hospital Dec. 9, ’ 
at The abdomen was newative 


1956, for control of diabetes. His mother’s father. 
} 


feet were good 
is mother, and two maternal aunts were diabetics , ; 
’ showed cleat 
Che patient's sister is a diabetic taking insulin. I ; 
. . P 11-Sizer 
1942, at e age of 24, he consulted a physicial 
Llectrocar graph showed slight ORS 


loss, and a of boils His weight at that Il and Vs and aV; 
was 135 iabet as diagnosed, and | : thorator) PCV 28 RBC 3,900,000 


placed on ta n. During the next globin 10.2 gm. WBC 7000 with 76 poly 


with complaints of thirst, polyuria, some weight 


vears he did well except for moderate difficulty in morphonuclear leukocytes (6 nonfilamented cells) 


maintain a “sugar free” status without imsulu 21 lymphocytes 3 monocytes Urine specihi 
reaction rion nsulins were tried, and gravity 1.016, albumin 3+ Ke ’ icetone 
tient wa inal staluliz atistactonily on negative, 1-2 ite cells, 15-20 red cells re | 
phane insul lin) At the tin i line casts. Serology \ negative Blood sug 
ulmission he was « 2000 Cal. diet, takin fluctuated fror to as high as 470 mg 
ever 12 hours during his hospita Sta Blood cholesterol 32k me 


| peripheral vision » hi | serum proteins 4.9 gm. &% (albumin 2.9 


a retinal - und wu globu 2, ratio 1.4). P. S. P. 17.5% in two hours 
atic injury in 1936 } d ncentration test (12 hours) showed specifi 


fitted with glasses vild ri 1.017, albumin 3.7 gm., total volume 530 
October he complained WRC 6,000,000. RBC 6,460,000. and 712,500 
I ’ , ; 


C In the latter montl casts, mostly granular with some RB¢ asts, sone 


was discovered when he con , and occasional hyaline casts. Serun 
| y , 
reddish, smoky urine, 2 %, chlorides 102 mEq., sodiu 
i ] ‘ I< i = 
iled ell and a 1 | potassin d mEq lransaminase 
\ rectal polyp showing 


excised in May 


10 units Antistreptolysin tiker 100 Todd 


1956 
5 oad , He was placed on a regimen of bed 
i xanunation i well-developed 
, , + a rest and an 1800 Cal. low-salt diabetic diet, con 
well-nourished, id, an with marked 2 ' 
—F : tamung /0 of rrotein There was rapid 
generalized edet of the lower extremities. Weight he N ' I 
» , diuresis with a 1/7 lb. weight loss in five days, 
was 178 lb. Hea ! k were unremarkable ‘ 
~ improvement in eyegrounds, and a drop in_ blood 
Eves showed p di , generalized narrowing : rs 
pressure from 220/130 to 170/88 Urological in 


Submitted for publication June 11, 1958 vestigation of bladder and ureters was unremarka 
From the Department ot Patholows ind Divisior ble with negative cultures He was discharged on 
of Medicine, St. Luke’s Hospital the diet with 30 units of Lente insulin once daily, 


he Dutton Fund of St. Luke’s Hospital fi with small doses of regular insulin if needed, and 


nanced some of this patient's laboratory studies on vitamin B complex 


408 





CEREBRAL MUCORMYCOSIS 


€ patient went rapidly downhull ane 


lischarge a Diabetes mellitus, labile Course rl 
possible Kimmelstiel-Wilson kidney, and (7) There was a rapid fall in his blood 
tis with arterial hyper pressure, 


type, became apne 
ind died Sept. 6, 1957. During his 
| l, he received antibiotic 


his hospita ‘ 


subacute glomerulonephri 
tension 36-hour 

his discharge regimen fot therapy, intravenous fluids, irtificial respira 
work tion t 


pheral edema, easily con 


His blood 


of 160 100: pulse 
finding 


xt sever (On returning to 


again cle vel 


trolled wit! Autopsy Findings 


pressure 
rate was remained good 
body was well developed an 


albumin in. large 
upper ice Was 


His urn Ww lI 

amounts, elements, and trequent 

aline ~atinine, how ‘ . tys cont 
pertropl 1e% 


preponder 


moderate 


sept 
pris 
week yrevious 
I 
. ited nsive 


contained 


ulfliness in 


\ 
\\ ile spreac 


ml ( 


iv) 
sigTis 


retle KES, 


sure )5 

Spi il i pressure ol 570 
cloudy pink u containn 89 white blood cells 
per cubt eter (88% polymorphonucl leu 
kocytes lymphocytes) and 32,250 red blood 
owed 0 growth Admiussio1 blood 
cell cor PCV 33, RBC 3,800,000, hemo 


vlobin 10.5 em., WBC 37,000 with 97% poly1 
platelets 244,000 fotal serum 


+1, globulin 24 (ratio 1.3) 


5.5, albumin 3 g 
U rine r+ ; in, 5-10 red cells, 3-5 white cel 
3+ sug one, and no casts. Serum cre 


norpho 


nuclear leukoc 


prot ims 


atinine 4.2 
Clinical Labile diabetes, subacute 
glomerulonephritis, and cavernous sinus thrombo 


SIs 


Smith et a 





and cavernous 
irrow) in. the 
bus m the carotid artery 


ove Hematoxylin and 


as near the 


m the right, extending 


mto the upper pons. Smaller pontine hemorrhages 


were also appa Cerebral arteriosclerosis was 


minimal, but ternal carotid arteries 


tained loosel hromin, as did the superior 


sagittal and right t il venous sinuses Lhe 


cavernous sinuses not distended but contained 


thrombus sphenoid air us or 


tained mu ulent m ial. Light fibrinous 


hesions 


Vi 


th internal carotid arteries contained 


unorganized thrombus attached to the 


intima and tangled masses of broad branch 


ing nonseptate hyphae. Numerous similar 


hyphae, unaccompanied by inflammatory re 


action, edema. Or separation of cells. mm 


vaded the muscularis of the internal 


con 


tained small masses of thrombus ( Fig. 2) 


carotid arteries. The cavernous sinus 


and fungal hyphae, both free and invading 


{ROHIVES OF PATHOLOG) 


nerves and fibrous fasciculi in the lumen 


> 


(big. 3) 
bland, 


polymorphonuclear leukocytes 


of the thrombus material 


infiltrated 


some 


was and some was with 


Che walls of 


the cavernous sinus (lig 4), the adjacent 


meninges and cranial nerve ganglia, and the 


submucosa of the sphenoid air sinus ( lig 


5) were focally infiltrated by neutrophils 
and some mononuclears, especially in zones 


where hyphae were present. Some portions 
of this inflammatory reaction had progressed 


local 


internal ca 


Tri roabs« eSSES 
lhe 
\\ illis showed 


infiltration of the 


to the formation of 


acute arteritis Was seen 


rotid arteries at the circle of 


a moderate neutrophili 


Mine. muscularis and intima, with fe wel 


hyphae The middle cerebral arteries were 


not thrombosed. An acute meningitis was 


contined to the optic chiasm area A few 


hyphae lay inertly in the midbrain paren 


chyma above the chiasm (lig. 6), unasso 


} 


Infected about fi 


Note 


Hematoxylin and eosin; * 256 


Fig 3 thrombus 


brous ftascicle in cavernous sinus 


| vphae 





CEREBRAL MUCORMYCOSIS 


vernous situs show 
ry reaction und 


ind eosin: & 400 


ciated with inflammation None were 
present elsewhere in the brain. Isolated foci 
of acute arteritis without hyphae were noted 
in pontine meningeal arteries. The supe 
rior sagittal and right lateral sinus con 
tained bland unorganized thrombi No 
organisms Were present in the temporal lobe 
hemorrhage. The latter was probably pre 
cipitated by the dural sinus thrombosis. 
ne bronchus was the site of an acute 
necrotizing ulcerating inflammation contain 
ing numerous hyphae, extending into peri 
bronchial fat. Small arteries (lig. 7) and 
veins in the inflammed area were massively 


invaded by hyphae, with and without throm 


bosis and acute vasculitis. Some hyphae 


invaded bronchial cartilage 
Other findings included the following 
advanced diabetic glomerulosclerosis, 
embrane of sphenoid sinus. marked renal arteriosclerosis, _ bilateral 


submucosa. Hematox,s 
chronic pyelonephritis, multiple thromboses 


Fig. 6—Hypha in brain. Note abscence 
of inflammatory reaction. Hematoxylin 
and eosin; * 400 


Smith eta 





of small pulmonary arteries, minimal pul 


monary edema, mechanical distention of 


pulmonary alveoli, focal “toxic”? myocardi 
tis, acute “toxic” splenitis, and focal centro 
The 


unremarkable, and the rectum 


lobular liver-cell necrosis pancreas 


was showed 


no evidence of tumor 


Cultures of material from the sphenoid 


sinus and the spinal fluid at autopsy grew 


Staphylococcus albus 


Comment 


\s in most of the other reported Cases, 
the true nature of the disease was not dis 
covered until the microscopic examination 
Cultures for fungi were not made during 
life or at autopsy. The ethmoid sinuses 
and orbits were not investigated at autopsy 
rhe that the 


arises in nose and paranasal sinuses and/or 


evidence indicates infection 


orbit and spreads to the brain via the in 


ternal carotid arteries and cavernous si 


nuses. Proptosis and ophthalmoplegia are 


characteristic, usually unilateral, appar 


ently at least partly attributable to direct 


fungal invasion of the eye and retrobulbar 


space In most cases, the mycotic infection 
limited to the It is likely 


involvement 


has been head 


that in this case the bronchial 


Was a separate primary focus, since there 


was clinical evidence of preceding orbital 
and sinus involvement. The hyphae have a 
remarkable ability to invade and penetrate 
tough structures, including arterial walls and 
even ocular sclera. Characteristically, there 


¢is total lack of inflammatory reaction to 
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A. ARCHIVES OF PATHOLOG) 


Artery in bronchial wall, show 


ing hyphae in the lumen and in the wall 


Perivascular ‘nflammatory re: 


toxylin and eosin; X 256 


hyphae in some areas and a marked re 


Che 
neutrophilic ind is 


sponse in others inflammatory re: 


tion is mainly 


characterized by thrombosis and vasculitis 
Usually, there has been thrombosis of one 


or both internal carotid arteries and cay 


ernous sinuses. This case had less extensive 


brain and meningeal involvement than many 


of the others. The meningoencephalitis in 


| 


volves primarily the base of the brain and 


inferior frontal lobes, with fibrinous menin 


geal adhesions and soft hemorrhagic areas 


in the adjacent brain. Cerebral infarcts 


are often present owing to the vascular 0 
clusions caused by the fungus 


l'neontrolled diabetes has been a 


com 


mon denominator in most cases, but a few 


instances have been associated with othet 


debilitating diseases, especially uremia and 


acidosis. This patient had uremia and dia 


betes with hyperglycemia and glycosuria 


but no ketosis It is conceivable — that 


hyperglycemia in itself may contribute to 


the fungal growth, since these fungi thrive 
cortisone, 


on sugar. It is suggested that 


antibiotics, and certain other drugs may ad 
versely affect or precipitate this condition.” 
It is of interest that all but one of the cas« 
reports have occurred since 1943. All the 
cases have been rapidly fatal, with the ex 
ception of one patient treated with rigid 
diabetic control, todides, and desensitization 
made from organisms cul 


with a vaccine 


tured from the patient.'* A diabetic patient 


with ethmoid sinusitis without cerebral in 


volvement has also recovered." 





CEREBRAL MUCORMYCOSIS 


diag 


to make the 


yeosis” on the 


It has been customary 
“mucorn basis of 


broad 


hyphae in tissue sections 


nosis of 


finding the nonseptate branching 


In the sense that 


this designation includes any members of 


the family Mucorales, it is correct. In at 


least two cases which have been cultured, 


the organism was found to be a member of 


the genus Rhizopus.'”:"* 


The hyphae of the 


genus Mucor and the genus Rhizopus ap 


pear similar in tissue, true identification 


resting on cultural characteristics. How 


ever, to make the diagnosis ante mortem, it 


is important to find the hyphae in tissues, 


since these fungi, being widespread in na 


ture, are common contaminants of fungus 


cultures in the laboratory.'” 


Summary 


\ case of fatal cerebral mucormycosis 1s 


presented. Since the few reported cases 
have had rather stereotyped manifestations, 
more widespread knowledge of this condi 
tion should result in more frequent ante 
diagnoses and more thorough 


mortem 


investigation at autopsy. It is suggested 


that routine examination of paranasal s1 
nuses in diabetics coming to autopsy might 


help elucidate the pathogenesis 


Department of Pathology, Division of 


Medicine, 
I uke’s Hos] ital 
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Estimation of Serum Calcium by Flame Photometry 


HENRY A. TELOH, M.D., Evanston, Il. 


K:stimation of calcium by flame photom 
etry requires adequate photodetector sensi 


tivity because of low intensity of light 


emitted at spectral lines or bands available 


for analysis Interference effects due to 


other ions in serum (e. g., sodium, potas 


sium, magnesium, and phosphates) have 


stimulated development of several flame 
methods designed to minimize 


| he 


simple 


photometric 


or eliminate these interference effects 


method to be described requires 


dilution of serum and standards without 


preliminary ashing or chemical treatment 


of the sample prior to analysis 


Historical Review 


Severinghaus and Ferrebee '® described 


a method for estimation of calcium in 


serum which required precipitation of se 
rum proteins by 4% trichloroacetic acid 
The supernatant protein-free fluid, a 1:10 
dilution of was then nebulized 


serum, nto 


an oxygen-propane-air flame. Intensity of 
a wave length of 556 mp 
Beckman Model DI 


Aqueous standard solu 


emitted light at 


was measured on a 


spec trophoton ete 
tions contained calcium, sodium, and potas 


sium in a trichloroacetic acid solution in 


the same concentrations as in the unknown 


serum. Corrections for variations in so 


dium and potassium concentrations were 


made from a calibration curve set up for 


elements 
that a 


varying concentrations of these 


Severinghaus and Ferrebee noted 


variation in sodium concentration (from 
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140 mieq liter) of 14 mkg 


duced no more than 2.50 error im apparent 


per mtro 


calcium concentration; a variation in potas 
sium concentration (from 5 mf¢q. per liter) 
of 5 mq. introduced no more than 0.5% 
error 

Mosher, 


preliminary 


In the method of Itano, Boyle, 


Myers, 


of the specimen with nitric-perchloric 


and Iseri treatment 


acid 
ind subsequent evaporation to dryness was 
emploved to destroy plasma protems he 


hydro hlori At id 


residue was dissolved in 
and calcium precipitated as tricalcium phos 


Che 


in hydrox hlori 


phate tricalciun 


solved 
i fixed 


phosphate was dis 


acid and diluted to 


volume with a solution containing 
sodium. The 
554 


standard 


t known amount of intensity 


of emitted light at mu was con pared 


to that of a containing a similar 


concentration of sodium \ Beckman 
Model Du spectrophotometet with an ait 
oxygen-natural-gas flame was used. Sines 
phosphates produced depression of calcium 
emission, sufficient diammonium hydrogen 
phosphate was added to standards to bal 
ince this effect 


Moss, 


empl y ed 


Zak, 


preliminary 


Kapuscinski, and Boyle? 


likewise wet-ashing 


with nitric-perchloric acid to destroy pro 


tein. The residue was restored to original 


volume with watet Intensity of spectral 


554 mp was measured on a 


Model DU 


an acetylene oxygen flame, and 


emission at 
Beckman 


with use of 


spectre yphe tometer 


was compared to that of an aqueous calcium 


standard containing sodium, potassium, 


magnesium, and diammonium hydrogen 


phosphate in concentrations approximately 
equal to those found in serum 

In the method of Winer and Kuhns,'® a 
1:50 dilution of serum was employed with 
an organic solvent containing acetone, gla 
acetic acid, and Sterox 


cial (a polyoxy 





ESTIMATION OF SERUM CALCIUM 


diluent \ 
the 


sodium, 


ethylene compound) used as 


synthetic standard, diluted with same 


organic solvent, contained potas 


sium, magnesium, and phosphate in con 


centrations similar to those found in serum 
Intensity of emitted light was measured at 
422.7 mp, with use of oxyacetylene flame 


Beckman Model DI 


with photomultiplier attachment. Re 


and a spectrophotom 


etel 
hands 


sults were satisfactory in thei 


lo eliminate depressant effect of phos 


spectral emission of calcium 


suggest d 


phates on 


Denson passage of the solution 


a cation-« xchange 
Bec k 


with 


to be analyzed through 


column. lor analysis, the 
man Model pectrophotometet 
oxyv-hydrogen flame and wave-length setting 
used. Values 


were 


at 554 n obtained for 


calciun ignesiull comparable 


to those chemical methods 


However, more ¢ ium was recovered fron 


the cation-exchange column than was pres 


ent in the original specimen 


ind Walhide 
tron seTul | cans of 
\fter 


washing, and 


Brabson removed calciun 


an ion-exchange 


resin subsequent centrifugation 


resolution of the calcitum-con 


taining resin, the solution was analyzed by 


the internal standard method of flame pho 
tometry by comparison with aqueous stand 


ards Kesults were satisfactory, in thet 


hands, for industrial analysis 


Interfering ef s of other ions wer 


eliminated in_ the method of 


13 


completely 


Rothe and Sapirstein who devised a self 


standardizing method for flame photometric 


of calcium in_ biological 


In this method 


estimation mate 


rial luminosity of a known 


quantity of calcium was determined unde 


conditions of interference existing in the 


unknown solution by measuring Increase 1n 
luminosity produced by addition of a stand 


ard amount of calcium to the unknown 


solution. Concentration of calcium in the 


unknown solution was then determined 


from the ratio of luminosity of an aliquot 
the 


of unknown to luminosity of known 


quantity of calcium. Readings were taken 


on a Beckman Model DU spectrophotom 


Teloh 


eter with photomultiplier at 422.7 my, using 


an oxyacetylene flame 


14 


Methods have been suggested '"* involv 


ing precipitation of calcium as the oxalate, 


with subsequent washing of the precipitate, 


resolution, and analysis by flame photom 


etry hese methods offer no advantage 


over chemical precipitation and_ titration 


methods now in use 


Method 


ilution of 


synthetic 


| POSITION 


] idjustment varied 


tween 0.025 when the 556 mu 
F | 


1) 
} 


B Spectrophotom 


eter with f utachment & pho 


tomultiplier ue-sensitive photo 
tube 

4 position 
Varied 


maximum sensitivity 

vijust galvanometer 

wedle to zero while aspirating 
sodium blank solutior 

Wave lengt! 


Slit width adjustment 


sdjustment oO Mw 
Varied to 


needle 


vdjust gaivanometer 


to setting corresponding to 
oncentration of calcium in serun 
standard X10 while calcium serum 
standard is aspirated 
Photomultiplier selector E position (maximum sensitivity 
switch 
Shutter control Down position 
Hydrogen pressure 5 (depending on performance o 
individual 
bly 
10 ¥-15 ¥ 


ance of individual aspirator-burner 


aspirator-burner assem 


Oxygen pressure depending on perform 


assembly 





Although — the 


my and spectral band at 626 


vidual instrumental peculiarities 


spectral line at 422 


are satistactory for analysis, slit widths re 


juired at these wave lengths are approximately 


twice as large that at 556 my and, therefore 


nterference other enhanced 


All analyses 


wel al 1 


mons are 


eretore, done at 556 my 


pressures were determined 


the individual racteristics of the atomizer 


ispirator assembl | were adjusted to the pres 


sures giving minimu change i cent 


gs with greatest cha gas 


pressure 


I’y W hu ] n calcium standard 


“peaked” ) 


cen 


s aspirated, the ve length is varied | 


to the setting trans 


aximum pet 


ttance occurs irying the slit-width control 


he galvanometer needle is then adjusted to the 


readit “4 


per cent transmittance 


{ corresponding to the 


concentration of calcium in the serum standard 


multiplied by 10. While the blank solution is being 


ispirated, the galvanometer needle is adjusted t 
varying the dark 


alternatel) 


zero per cent transmittance by 


current control. These two settings are 


vdjusted until the slit-width control and dark cur 


rent control settings are such that the serum cal 


tum standard reads calcium concentration 10 


ind the blank 


he 1:25 


solution reads zero per cent trans 


mittance. ‘I dilution of unknown serum is 


then introduced into the flame, and the galvanometet 
reading is recorded. The concentration of calciun 
in the unknown serum is calculated by dividing the 


per cent transmittance reading by 10 


Comparison with Chemical Methods 


\ series of 33 sera were analyzed for 
calcium with use of the Clark and Collip 
Kramer and Tisdall 

method and __ the 
The 
liter 


modification of the 
permanganate-titration 


flame photometric method (Table 2) 


average deviation was 0.22 mkq. pet 


of calcium In 30 of the results ob 


flame 


seTa, 


tained by photometry were higher 


than those obtained by the permanganate 


titration method 


Denson® stated that values obtained for 


calctum were comparable to those obtained 


by chemical methods. Hutbener® analyzed 


20 sera by the premanganate method and 


by flame photometry and noted no signifi 


cant difference in the two methods. On the 


other hand, Marquardt, Cummins, Phillips, 


and Fisher,® using the Weichselbaum 


Varney Universal spectrophotometer, noted 
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an average difference between the two meth 
ods of 0.23 mEq. per liter. This difference 
was not considered by them as statistically 
significant. Riethmiuller '* reported an aver 
age deviation of 0.23 mq. per liter be 
tween the acidometric titration method and 
flame photometry, while Powell '! found an 
average deviation of 0.21 mq. per liter 
between the permanganate and flame pho 
Winer and Kuhns !® like 


wise noted an average deviation for calcium 


tometric method 


of 0.20 mEq. per liter when comparing thet 


flame photometric method with the Clark 


and Collip method. They attributed lower 


values obtained by the latter method to loss 
f calcium during precipitation and washing 


procedures in the permanganate method 


TAB 1 f Flame Photo 
urk Alip Method * 


4.88 
4.75 
4.80 
5.08 
4.92 


Mean deviation 


All values 


calcium 


expressed in milliequivalents per | 
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Y\TIMATION OF SERUM ILCIUM 


he 


considered by hit 


isotopic studies of MaclIntyre* were 
to aftord proot of the 
1 arising in the precipitation method of 
and Tisdall and indicated that the 


part of the discrepancy 


Kramet 
major between the 


Hame photometriu and chemical results 


should be attributed to error in the chemical 
Li hod 


alues tor serul 


MacIntyre pointed out that normal 
( ilc1um are 3% 4% 
than 


higher figures given for the precipita 


Was a neal 


tion method. In his series there 


difference 2 | per liter between 


method and _ the 


method 


Recovery Experiments 


in aqueous solutior 
ium standards in 
per liter ranged fron 
ith a mean 
rf VV.3% 5 The pet 


| 17 ] . 
falls well within mits of 


recove;ry 
cent ¢ 1 
error 
ethod ind 


lavor: 


ry figure other published flam« 


$4 ’ ] 7,8,10,11 
rt mis 


Reproducibility of Results 


inalyses of replicate series f 10 


there was mean variation it O.06 
standard deviation 


0.05 mEa_ pet r (Table 4) Chis 


represents a maximum error of 2 in 


mEq. per liter 


the 95 confidence range 


Results m Replicate 


method, like 
iation of 0.05 
iter Im a series OT 
Marquardt et al.’ reported a 
0.01 mitq. pet 


O38 


eight deter 
nations 
standard devi 


ition ot 


liter 


producibilitv of 


with a rey 


Ze ISS 


muller '- 


Using the 


model] photometer, Kieth 


standard deviation of 
0.05 The self-standardizing 
Rothe and 


producible to 1%, 


method of Sapirstein was re 


while Severinghaus 
ind lerrebec were able to achieve a vari 
ability of 


than 1% 


successive readings of no more 


Interference Effects 


Sodium exerts a significant potentiating 


6-8,10,13,15,16 


effect on emission of calcium.* 


Under this 


the conditions described, ettect 
is most marked at 626 mu and least marked 


Table 5). 


concentration of serum of 14 mk¢q. per liter 


at 556 my 


Increase in sodium 


Addition of S 
‘ tandard 


diwm to Serum 
n Apparent Calcium 


Concentrate 


Apparent 
Calcium 
Ca im Concen 
Concentra tration 


tion, mEq/L. mEq/I 





V/ RCH II 


Potassum ft nost observers,!"‘ 10, 13,16 although Mar 
n Apparent 


ahi quardt et al.” stated that abnormally low 
ind high values for phosphorus as well as 
nagnesium, sodium, and potassium, exerted 
no significant effect on flame photometri 


estimation of calciun Contrary to the ob 


servations oft n and Tortbara.* in which 
*hosphorus exerted no significant efte 


the presence of serum proteim, hig 


entrations oft phosphate S produces 
calclum emission 
ot tron 
| 
y suit 
parent imcre COUN 


fror 5 calcium concent 
ron 


in error 


im an error ot 3.0%, 


Since a 1 126-154 mEq. per liter — phosphorus cones 


»f sodium includ most variations im s« g. per 100 
rum sodium concentration noted in diseas arent decreas : 
states, the maximum error due to variations — ».0 to |. per liter, an 
n sodium concentration can be assume or of 51.1%. Variations in phosphorus 
* 50; Dat pean. due to one oncentration of serum will, therefore, 1m 


' ' ] 
, rodu significant error in the tlame pho 
Variations in sodium concentration will nite 5 ‘ 


, tometric method of analysis 


within the limits of error of the ame pho 


temetric method Magnesium likewise exerts a depressant 
nth l ic Kl 


ettect on spectral emission oft caleiu 


Potassium exerts a slight but defini 
“= lable 8). Although this effect 1s consid 


potentiating effect on calcium emission. In 


erable with relatively small changes 
‘ase mm serun potassium concentration 


‘ serum magnesium concentration, the con 
from 4+ to 6 mitq. per liter results in an - 


of the serum magnesiun 
ipparent increase mn calc1tum concentration 


" le rs this possible source of error 
of 0.10 mEq. per liter, corresponding t | 

mportance 
in error of 20 (Table 6) Variations in | 


Increase in serum concentration of 
potassium concentration within the physi 


cose up to 300 mg. per 100 ml. resulted in 
ological range result in insignificant error 
no measurable change in spectral emission 
The depressant effect of phosphates on , 
: ghriain — ye peospaan ot calcrun Bevond this level, there was 
alcium emission has been described 
i slight apparent increase in calcium con 
centration due to increase in spectral emis 
sion Table 9) The error introduced by 
nerease in glucose concentration 1s within 
the limits of error for the flame photometric 
method of analvsis for calcium and is 
parently due to nonspecific increase in flat 
background due to presence of carbon 
l'rea exerted no significant effect) on 
spectral emission up to a concentration of 
300 mg. per 100 ml. of serum urea nitrogen 


s 


Comment 


Flame background illumination due to 


presence of high concentrations of sodium 


00 





STIMATION 


Vagnesitum io Serum ¢ 
alictwm Concentration 


compensated for by \ calibration curt 
kground zero adyust it is not necessat 
ining sodiun lable 10) 


nately equal to Pooled 


serur 


round illumina standards are 


ill Wave standards pro 


eliminated 
vhu h blo ks 


sodium at 


practical purposes, greatest conomy 1s 
ache ved by use ota led s un standard 


the calcium concentr: f which has been 


vanometer need determined by chet | methods 
adjusted I re I cent transmittance Adequate photodetector sensitivity a 
while the | lit solution is being mandatory in estim: of intensity of 
ited ltoa ilue corre sponding to spectral emission ' iun \t 1 wave 
content of the serum length of 556 muy, the intensity of calciun 
standard while the serum standard is being emission is about one-fifticth that of sodiun 


ispirated m calibration curve 1s pro it 589.3 mp and about one-tenth that of 


duced with the lum background lumines 


potassium at 767 mp. A_ photomultiplier 


cence representing zero concentration of circuit for the blue-sensitive phototube is 


calctum. All calibration poimts for calcium — pot only desirable but essential to achieve 


. ] ‘ . y . + 
fall on a line extending from the zero point sufthcient sensitivity tor accurate estimation 


through the per cent transmittance reading — of intensity of emitted light and at the same 


corresponding to the rum calcium stand time to allow use of as narrow slit widths 


rd multiphed | 10. Calculations are, is possible 


there fore facilitated calcium concen 

tration of unknown sample can_ be read 

directly on the per cent transmittance scale 
tLoncen 
tration 


Calciun 


nEq/I 


Error 


Reconstituting fluid 
iter, 4 mx ot votassiut 


nestum per liter, ar 4 





lhe smallest possible slit width consistent 
with adequate phototube output should be 
used, since background luminosity increases 
approximately as the square of the slit 
width, while spectral luminosity of the sub 
stance to be analyzed increases only pro 
portionately. It is, therefore, apparent that 


interference effects due to sodium, potas 


and phosphates are in 
High 


narrow | slit 


sium, magnesiun 


tensifed with wide slit widths 


photodetector sensitivity and 


widths decrease background interference to 
sufficiently low levels for accurate analysis 


With 


the slit 


method 
halt 


and VaTies 


conditions outlined in this 


width it 556 mu 1s ibout one 


422.7 


0.025 to 


that at ind 626 


Thy 


from 0.075 mm., depending on 
individual instrumental peculiarities 


| lan c 


depending on type of fuel used 


conside rably, 


Low flame 


characteristics vary 


excitation ot 
1; 


correspondingly 


results im low 


temperature 


electrons and low 


mtensity of sper ral emission The OXY 


(1800 C) is ideal for emis 


hvdrogen flam 
sion photometry because of spectral purity 


of the flame and because of low background 


luminosity and minimum effect of interfer 


ions. Although the oxyacetylene (3000 


effect ot 


ing 


ios ame intensihes intertering 


ions, its high temperature produces greater 


excitation ot the ilci1um 1On ind, there fore 


permits use of narrower shit widths Vhe 


narrower slit widths compensate in part for 


greater interference ffects due to higher 


temperatures 


16 Sterox ' as diluent 


(Organ solve 


have been used in some methods. Organ 


solvents increase spectral emission princi 


pally by decreasing viscosity and, therefore, 


asing rate of atomization of the solu 


incre 
[his 1s to a considerable 


by increased 


tion extent, 


counteracted cooling of the 


flame bv the accelerated rate of atomization 
the 


Sterox is sal to improve smoothness 


of atomization. Neither of these two types 
of diluent significantly improve instrumen 
tal performance, and they were not used 
routinely 

A 1:25 dilution of 


sponding to a final concentration of about 


serum is used corre 
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0.2 mkq. per liter of calcium. Calibration 


curves at this dilution are linear 


concentration corresponding to 


per liter of serum calcium or a final con 


centration after dilution of about 0.4 mEq 


per liter. At lower dilutions linearity is not 


achieved At dilutions higher than 1:50 


increase In shit width necessary to produce 


adequate photodetector respons INCTCASES 


flame background “noise,” producing in 


stability of the galvanometer needle and 


ilso enhancing etter oft Interfering tons 


Summary 


method tor flan photo er 


\ sin pl 
estimation oft serun led 1S 


Model B 


tometer with photomultiplier phototub 


ce scribed 


using the Beckman spectropho 


ind 
Hame attachments \n 


with oxvhydrogen 


Hame 1s used 

vallabl tor 
}?? 
Lk.4 


556 mu and 626 my 


, , 
Three wav engths are a 


: 
imalysis ot calcein i spectral line at 


ips and oxide bands it 


Under conditions described in this method 


the oxide band at 556 mp appears to give 


the best results 

\verage deviation between the flame pho 
tometric method and the Clark and Collip 
method is 0.22 n leg 


Values 


flame photometry are higher than those ob 


permanganate-titration 


per liter of calciun obtained by 


tained by the chemical method 


Recovery of added calcium to a standard 


serum calcium  \ from 98.2% to 
1OL0G 
Che 


series of 


iries 


with a mean of 99.30% 


deviation of a 


10 sera is 


standard replicate 


analvses ot O05 mia 


per liter 

Sodium and potassium cause an augmen 
tation; magnesium and phosphorus produce 
a depression of spectral emission of cal 


cium. Urea up to a concentration of 300 
mg. per 100 ml. of urea nitrogen produces 
no significant effect. Glucose up to a con 
100 ml. 


Beyond this concentration there is 


centration of 300 mg 
effect. 


per has no 


slight augmentation of calcium emission. 
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Adrenal Cortical Function in Portal Cirrhosis 


P. N. WAHI, M.D., M.R.C.P. (Lond.), F.N.1., and S. RAMACHANDRAN, M.A., M.Sc., Agra, India 


ulrenal cortical function 


Phe problen ol 


in liver disease remains largely unsolved 


ce spite seve il studies reported in the hit 


Llovd and Willams,*” im a 


of autopsies of cases of 


erature study 


alcoholic cirrhosis 


noted decreased lipids in the adrenal cortex 


which was suggestive of impaired adrenal 


cortical function, linestone and Shuman,"! 


on the basis ot the Poort eosinophil response 
to epmephrine in patients with portal cit 
that there 


this dis 


rhosis, have similarly concluded 


inadequate lrenal function im 


Studies of urinary corticosteroid excre 


tion in subjects with cirrhosis have been 


carried out by several workers, however 


with contradictory results, mainly duet 


the unspecih techniques employed Bon 


giovanni and Kisenmenger,' in a study of 


group of patients with cirrhosis. 


portal 
biliary cirrhosis, and an undetermined typ 


of cirrhosis, have found elevated urinary 
a normal adrenal re 


ropin (ACTH) 


ré ported 


corticoid ¢ xcretion and 


to cortico Peterson 


Sponsc 


et al.** have similarly increased 


urinary “formaldehydogenic” steroids in 


clinically severe cases of cirrhosis. Urinary 


“phosphomolybdate-reducing’”’ steroids, also 


designated “neutral reducing lipids,” were 
subjects with cit 


Others, 


tound to be increased in 


rhosis by Shadaksharappa et al.“ 


however, have found urinary corticoids to 


cases 15,27,30 


be grossly normal im such 


Brown et al. in a recent study, have re 


ported diminished urinary excretion of 
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17-hydroxycorticosteroids im cases of liver 


disease, and this, in the presence of normal 


levels or plasma 17-hvdroxveorticosteroids 


Was suggesli\ f cdecre ised idrenal col 


tical function these subjects 


Urinary steroids, arising mainly 


trom the hormones the adrenal cortex 


have been shov 1 t 1 iarkedly diminished 


m clinical case irrhosis.*:!!! Low ley 


indrogens in these cases hav 


} 14 


els of urimary 
ilso been report 


Studies of salt and water metabolism in 


Ww 


subjects with cirrhosis * have shown the 


presence oft marked abnormalities charac 


terized by the clisapyp irance ot the normal 


diurnal excretion rhythm of sodiun 


potas 


sium, and creatinine and low tlues of 


serum, sweat, and urimary sodiun Recent 


reports Ot @E@XCESSIVE urinary excretion. oft 


aldosterone in’ cases of cirrhosis with 


iscites would appear largely to account for 


these abnormalities 


It will be evident fron this brief review 


of the relevant | ature that the studies 


carried out so far on adrenal cortical func 


tion im cirrhosis have led to meonclusive 


results, as little light has been thrown on 


how far the adrenal secretion of glucocot 


ticoids, mineralocorticoids, and androgens 


are individually aftected in this disease 


Wahi et 


of adrenal 


al..“* in a recent study of the rok 
carbon-tetrachloricd 


that 


cortex 1m 


induced cirrhosis in rats, have shown 


adrenal function is impaired in the irre 
Moreover 
regression of ci 


These ob 


servations have again emphasised the need 


versibl Stage of the disease 


cortisone could cause 


rhosis in the reversible stage 


for a further investigation of the problem 


of adrenal cortical function in clinical liver 


disease. In the present study, adrenal cor 


tical function has been assessed in human 





batte T\ 


data 


subjects with portal cirrhosis by a 


of adrenal function tests. Preliminary 


obtained indicate that a certain proportion ol 


suftet 


i portal cirrhosis 


ippare ntly 


t idrenal cortical insufficiency 


Materials and Methods 


his has been shown t 


lrenal cortical function u 
iterature “"": it was detet 


.. t rm xl of Gray et al Nort 
6000-25,000 units per 24 hours 


recent 
nine 
excretior 
were deter 


i. Non 


Dhese 


Llovd | Wilhams “° hay milarly 


msume 


tunctiol 


cirrhosis 


respons corticotropin Is 


studied 


65% oO h Cases 
noted 
eosinophil 
cases of cirrhosis 
sponse 1s sub 


and the serun 


ases 
espons¢ in 60/ [e¢ of the cases 


17-hvdroxveorticosteroids show 


excretion in 446¢ of the cases 


the rest of the cases the excre 


ilues are normal This confirms the 


observation of Brown et al.’ in pa 


tients with portal cirrhosis and infectious 


hepatitis but contradicts the results of othe 


studies where less specihc techniques ot 


> KR 


corticoid assay were employed.'*** 


Results of the urinary 17-hydroxycorti 


costeroid response to the corticotropin § test 
there is httle or no response 1n 
rhis 


response to the 


show that 


916 of the studied was well 


Cases 


correlated with diminished 


eosinophil, urinary uric acid, and serum 


cholesterol re sponse tests 
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EOSINOPHIL RESPONSE TO ACTH. 


PER CENT FALL 
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PER CENT FALL 
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NUMBER OF CASES 


Adrenal-function study in portal cirrhosis 


Urinary uropepsin excretion is dimin levels have been reported in cases of ci 
ished in 71% of the cases investigated rhosis by Eisenmenger et al.'” 
Gray et al.’® have similarly observed di The fluorescein-hyaluronidase skin-wheal 
minished uropepsin excretion in the cases of test failed to give reliable results in the 
cirrhosis studied by them. present study, mainly owing to difheulty in 
detecting end-point of the disappearance of 
the skin wheal, and therefore was given up 


Finestone and Shuman,” too, have recently 


Urinary 17-ketosteroids are markedly de 
creased in the majority (88%) of the cases 
studied. There is no obvious correlation 


between 17-ketosteroid excretion and _ the reported encountering similar difficulties im 


response to the other adrenal-function tests the use of this test 
Serum sodium levels are diminished in Comment 
43% of the cases: in the rest the values The data presented in this paper are of a 


are within normal limits. Decreased sodium preliminary nature. However, in general, 


4x4 





RTICAL Fl CTION IN PORT 


the results obtained in the present study sO 


of the presence ot ad 


ency ila 


portal 


certam pro 


portion of s of cirrhosis lh 


six of the adrenal-function tests employed 


in this mely, the eosinophil, uri 


nary ur cholesterol, urimary 


uropepsil 17-hyvdroxveorticostet 


ods ] 


hvdroxveorticost row 


in tests, the responses 


the circulating 


the 


qT) 


hormones of 


17-hvdroxy 


il of the cases 


study would 
recon ile 
inished 


re SPOTis¢ 


cotropu ired conversion ¢ 


17-hyvdroxy ids to 17-ketosteroids 


“2 as indicated b 


mn urinary 17 ketoste1 
ods | part CCE 


Moreover, 1 5 4 


nique ilippis and 


uint for this finding 


ssentially the same tech 
Young * have reported 
17-hyvdroxyveortico 


Addison’s diseas 


ed to the hypothesis that 
t} 


normat ) urinary 


steroids ity ts with 


his finding | 


some patients hypoadrenocorticoidisn 


are suffering partial rather than total 


inability to | ice corticosteroids 


In accord with the finding- im the present 


study is the observation that certain of the 


clinical teatures monly humat 


seen in 
subjects with cirrhosis, such as hypotension, 
tolerance sur abnormal 


the 


ind d 


poo! very, 


pig 


mentation of gastrointestinal dis 


turbances sturbances in carbohydrate 


metabolism, are also suggestive of presence 


of adrenal co insufficiency im_ these 


patients.~” 


Che 


tion 


exact mechanism causing this situa 


remains largely unknown. It is most 


however, that it results from the 


probable, 
state of pituitary depression which has been 


human subjects with cit 


Wahi et al 


shown to exist mm 


rhosis.® have also provided 


IRRHOSTS 


If. ¢ 


evidence for this possibility in their studies 
on adrenal cortical function in carbon-tetra 


chloride-induced cirrhosis in rats. It is ot 


interest in this connection that adrenal se 


cretion of mine ralocorticoids (such as aldos 


teronme has been demonstrated to be 


independent of pituitary activity ‘ and to be 


attected by ictors 


blood 


such as blood electrolyte 


levels and volume This could ex 


the 


meralocol 


plain excessive circulating levels of 


found in cirrhosis 


ticoids 


presence of pituitary depression and di 


I 
minished levels of glucocorticoids 


Chronic malnutrition which is invariably 


present iliecnts cirrhosis could be 


inother f r « adrenal 


ausing 1 te oO 


depression malnutrition 


shown to many of the 


lands the pituitary 


such subjects 


ipton Ss ot \ddison’s 


that 


cortex 


I the 


Summary 
\drenal cortical function has been studied 
43 cases of portal cirrhosis by means of 


battery of adrenal-function tests. Pre 


liminary data indicate that a certain propor 


tion ot from 


these cases apparently sultet 
i state of adrenal cortical insuftx 1ency, with 
respect to the glucocorticoid fraction of the 


hormones 


S60. 1953 


W.: S. S.; Louis, 
Med 








Constitutional Aspects of Gastrie Carcinoma 


SHELDON C. SOMMERS, M.D., Boston 


mathologic 


trious 


chang 


he stuches of \ ri } l ' ind 
lchrenret - COl CT! Tit’ 1 primary 


neoplasi sand t ipa usceptibilitv. to 


cancer 0 t TSO lo analyze the 
separat cancer&rs 
background of imdivid 


tp} ired 


Results 


ww I] ory Relatives had cancer i 

cases of 13 men and 10 women, or 

: c¢ | “e oT f 60 n 1 31 
ct y © ot the entire group Ol men and . 


-s women with gastric cancer and adequate 
Willian . : 
data familial cases of stomach cancer 
were used ° 

were reported three and four times, respec 


tively (SC ) Stomach cancers made up 


he Peter Bent 29% of the malignant tumors reported in 
re TO de - af 
aces Were Provided relatives Cases of diabetes mellitus oc 


LeCompte Faulkner Hospital 
lartman Henr Ford Hos : 
sical cidia ee oli mnie ® — tively, or 9% of the whole cancer group, 


curred in five and three families, respec 


Hospital and sachu norial Hospitals ind peptic ulcers were mentioned in three 


No selection was » and j ses with a families. Certain reported “cancer families’ 


ceptable pathologi rT > a primary gastri« - ° 
“1 ulin shi che ry an have had a frequency or preponderance ot 


linical histories, surg 


nd slides were reviewed ; : 
lage and Sex of 204 


Opi data and slides from meer Case 


utopsies were restudied, and missing tissues were 


obtained whet wssible from stored material 
Fin ! recorded und tabulated tor all 


iailable u 1 supplemented by cell counts 


Submitted fe ) tion June 13, 1958 

\ided by grants from the Massachusetts Di 
vision of the rican Cancer Society and the 
U.S. Public He ‘th Service (C-2480 [C2]) 

Department ~ Pathology, Massachusetts Me 
morial Hospitals, Pondville Hospital (Massachu 
setts Department of Public Health), and Boston 


University School of Medicine 





6 


primary gastric tumors Che relatives of 


patients with gastric cancer have devel 


oped from two to six times the expected 


number of stomach cancers, while cancers 


of other sites were not significantly in 
reased 

B t Of 87 cases typed in the 

were of Group O (45%), 

\ 15%), 3 of Group B 

Blood 


“ found in 39.7% of a control 


ind 6 of Group AB (7%) 


Group A 


population 52 cases Rh _ grouping 


was D mm nd 43 were Rh positive 


have already established 
ise of blood (;roup \ in 
istric cancer patients 10-1 


bk “ “l 


( ‘ 2 ot the 


Group A in 


$2 OR cancer cases, In 


contrast 45.06% for the respec 


tive contro ions sillington '* re 


ported that prepyloric and cardia cancer 


were significantly associated with 


sites v 


blood, and gastric fundic and 


Group A 
body cancers were associated with Group O 


blood 


cases 


Surgical antral and pyloric cancet 


re ported by 


\-related 


these 1 


Jennings et al.’° were 


Group While important theoreti 


cally, lationships are apparent im 


only 3% to 206¢ of all gastric cancers 


Since blood groups are inherited with or 


without aberrant salivary or gastric 


Secret 


tion of blood-group-specific substances, the 


familial gastric cancer data further 


wert 


analyzed. Of 6 such with blood 


data 4 


were of 


patients 


group were Of Group A and 


Group O \ll six tested were 


Rh positive Familial cancers are 


blood 


gastric 


thus not regularly associated with 
Group A 

Previous Illness. \side 
who had had childhood diseases, 
had 


14 with diabetes mellitus: 


from those 
there wert 
16 patients who inguinal hernias, im 
cluding 1 woman 
8 with hypertension; 9 with peptic ulcers 
including 4 with gastric operations 4 to 24 
8 with clinical or 


years be fore death sero 


*Dr. G. A. Spike 


Texas, provided data for one 


Renger Clinic, Hallettsvilie, 


instance of familial 


arcinoma im tw ssters 


+XX 


Ok PATHOLOGS 


logic syphilis; 7 with hemorrhoids or anal 


fistulas; 5 with malaria; 5 with typhoid 


tever, and | 
The 


laria, and typhoid 


woman with known pernicious 


anenua frequency of syphilis, ma 


ippeared somewhat in 


creased: the diabetic cases were drawn fron 


a large chnic, and pernicious anemia was 


not recognized climiecally as frequently as 


anticipated 1 wo idditional women 


pt THICIOUS anenila \ SUS TC ed al 


} LtuULOpSs\ 


trom the presence megaloblasti borne 
arrow 


Physical Attributes \n 


recorded body \ ly 70 were 


>>) 
ong SZ men with 
normal 


were obese, and thin ( 


Were 


women with gastri incer, 18 (506; 


obese, 14 


were ¢ f 


were of normal weight 


subnor: weight before 


minal illness lemale obesity may 
endocrine 


There 


of 34 women who had had children 


lated to some changes 


cle scribed later were 44 of 


and 27 


as evidence of a normal group fertility 


Factors Histamine tests for 


Crasiri 


gastrin acidity were recorded tor 50 CaASeS 


of which 34 showed no free hydrochlori 


acid (68 achlorhydri 


had 


and 


9 were hypochlor 


hydric, and 7 normal acidity 


gasirn 


The sites Borrmann types of the 


specifically localized cancers are 


In Table 2 
cers were more frequent in men 
The 


tinized, and im 


presente d 


Cardia cancers and peptic ul 


uninvolved gastric mucosa was scru 


tbout 806 of 168 suitable 


l. Polypo 
Il. Elevated 

LII. Uleerate liff 
IV Flat 


chftuse 


Peptic ulcer 


Previous gastr 


Total number 


Total number 





ONSTITUTIONAL A / , EF GASTRI 


cases epithelial hyperplasia was present. 1 


In 40 cases (24% iwccompanying the fa 


miliar intestinal metaplasia of chronic gas 


tritis, there were 


rre gularly crowded ecvsti 
epl 


non 


ind adenomatous fo« of hyperplastic 
either 


lhe 


void of parietal cells 


thelium 1 | hum was 


altered 


producing 


glands wert 


papillary or adenoma 


isc’s 


the superficial and 


vland-neck were observed near 


the openings « gastric pits, without ap 
parent chang th the gastric 
glands 3 21%), the supe! 


heial and deep ty hyperplasia wert 


hoth present stomach } (;Toss 


itous polyps 


ulate 


ithe 


pedune gastri 


’ plasia 


and intestinal 


¢ 


in 12 cases (/*4 


multiple. 5. Regenera 
ia occurred near cat 
three 


the 


gastroenterostomies 


of 


margins 


2° and it 


0) 


ulcer therapy 
\ con 


there 


qT peptic 
Ss previous 6 
1; 


panylng rdia cancers, was 
| 


hyperplasia of the uninvolved cardia gland 


ducts im where ducts wert 


ises 


identified rcinoma in. situ, mingled 


with found in six 


1, 


Ics showed both « 


hyperplasia, was cases 


ind four other gastric cancer speci 


pithelial hype rplasia and 


1 18 


anaplasia 


Visce 


Wics Let 1 1 Were 


intestinal Abnormal 


recognized in the 


stomach or jejunum in three cases, and the 


ich and the leum each contained abet 


ston 


rant Three cases had 


Mecke I's di erty ula 


polyps of 


pancre is in one Case 
\denomatous mucosal 
in 16 


1 additional 


colon were found cases 


ind in the duodenum of 


There 


carcinomas of the sigmoid or rectum.'® 


(8% ) 


cast were tour separate primary 


with liver weights of ove 
2800 gm., 


92 cases without 


He patomn galy 


1600 to was 


ranging 
4) 
liver metastases (44% ) and in 6 of 30 such 


gin., 


up 


found in men among 


in women (200). Among these were 


CASES 


( 


1RCINOMA 


literation 
Gastric Ca 


Taste 3.—Ilindocrim 


Hyperplasia ot 
Ovarian str 
Pituitary basop! 
men 

Pancreatic let 

Pancreatic duct 

Adrenal zona 

fasciculata 

Parathyroid oxy} 


adenoma 


Phy 


women 


seveTll Cases lpal parenchymal 


ibnormalities 
bile 


> cases (5% ) 


hypertrophy without 


Hyperplasia of the inti duct 


ihe patie 
4 


epithelium occurred in 8 of 1 


periportal fibrosis was co mon, ind there 


cirrhosis 
Tarq 


lhe major abnormalities observed 


were 5 instances of 


portal 


kindocrine Glands and (organs 


ire listed 


in Table 3. Ovarian stromal hyperplasia, 


while significantly fiequent, w not found 


is 


vith gastri 


as regularly associated g cance 
tar 


Pi 


significant 


as with the cancers of primary ovarian 


get organs, breast. and endometrium 


tuitary-cell counts indicated a 


quantitative increase of gonadotropic baso 


phils in 10, and of acidophils in 3, of 15 


male cases. The pituitary basophilism = in 
commonly 


men was not iccompanied by 


benign prostatic hypertrophy Less com 


mon abnormalities, such as hyperplasias ot 


the pancreatic islets and ducts, thyroid hy 


pertrophy, and parathyroid adenomas, to 


gether with the relative frequency ot 


hepatomegaly and colonic polyps or can 


cers, might in part reflect responses to a 


common growth stimulus in some related 
tissues of entodermal origin 

Adrenal cortical hyperplasia and increases 
in pituitary hypertrophic amphophil cells, 


shown in Table 4, are common also in some 


other types of cancer and at present appeat 


{RO 





issociated with the hor 


to be more closely 


monal mechanisms of cancer outgrowth than 


with precancerous endocrine states 


In the present series 


cancers had 8&4 pri 


_— 
Os Cases 


mary cancers, ludi 2 with triple and 4 


All the 


epide I 


with quadruple separate neoplasms 
triple and quadruple cases included 
basal cell carcinomas 


Among 28 men, 


moid ot 


or mouth there 


adenocarcinomas of prostate and 


moid or rectum; 4 epidermoid carcinomas of 


skin or lip, 4 of 


larynx, and 2 of 


nouth or tonsil, 3 of 


bladder; 2 


Carcinomas 


renal cell 


cimnomas + basal-cell 


and l each epidermoid 


bre ist 
ind lymphosarcoma Nine 


carcinomas of breast, 3 


carcinoma of lung 


fibrosarcoma of multiple myeloma 
women had 3 
epidermoid Carel 


nomas of cervix ind 1 each ovarian 


] 


cystadenocarcinoma, and epidermoid carei 


noma of mouth and of bladder 
\mong 55 similar cases previously re 
ported by others, additional primary cancers 
colon 18 


were located as follows in the 


breast, 10; stomach, 5 esophagus 4; ovary 
4; skin, 
kidney 


and spinal cord, 1 each. 


+; uterus, 3; lip, tongue, and 


nasopharynx, lung, 


2 each | prostat 


The sites and types of multiple primary 


cancers outside the gastrointestinal tract 
were not unusual and did not implicate any 


Sper ial carcinogenic me hanism 
] ~ 


Comment 


Gastric cancer has apparently not changed 
greatly in its sites, microscopic appearances, 
or biological behavior in the past 50 years 


Hunziker’s study ** in Ziirich suggested that 


490 


constitution, and unknown tissue 


tactors were ot more portance than ex 


which 


OLFCNIOUS § ¢ ircinogens i st irch tor 


incidentally, has proved rather disappoint 


ing.“ Racial tendencies to develop stomacl 


cance! ire relatively high in Japanese 


Chinese, and Scandinavian populations, in 


termediate in British, Canad and United 


States populations, and unusually low 1 


Javanese population.** Bonne and co 


j 


workers in a comparative clinicopathologi 


study found that the infrequency of gastri 


mucosal atrophy and mucinous metaplasia 


Was only distinctive 


morphologically — the 


Javanese characteristic.*' 


Relatives of gastric cance! 


patients mn 
vestigated had nearly a‘twofold greater in 


cidence of achlorhydric gastric juice, as 


compared to relati es ot controls 27 ( 


. a 


icidity and secretory activity for an 


] 


reported a subnormal mean 


gastrin 


interval of 11.2 years before the 


rag 
CTragt 


development ot gastric cancer, among 277 


patients who averaged 18.5 vears oft ive 


at the time of the first test light per cent 
had pernicious anemia. Deaths from ston 
ich cancer in the pernicious anemia group 


s 


after 10 to 15 vears were from 7.3 to 21.9 
times the number expected, and in persons 
deaths 


were 4.5 to 5.3 


with achlorhydria alone the fron 


gastric cance! times the 


expected values.** Stump cancer (Stumpf 


carcinom) following a reduction of gastri 


function produced by a gastric resection orf 


gastroenterostomy has been thought to be 3 


to 10 times more frequent than expected.*”*! 


\trophic and metaplastic changes of 


“chronic atrophic gastritis” have been re 


ported to be widespread and severe accom 
but they are found 


panying gastric Cancers, 


66. Oet JOS 





TITUTIONAI 1S / kK GASTRI 


from 306 2% of older noncan 


erous control 


lhe 


iuses degenerative changes 


unexplained, but ra 


ind familial predis would fa 


Positions 


in endogenou Dhere is no proot 
SCX linked 


uned tend 


OTHE 
idences of 


} | 


Dased On 


gastru 
mstitu 
ition concerning the 


Is Meagel 


phasize that gastric epi 
al hyperplastic 

situ have a fre 
Cancel Aare 

s that the 

rous controls of 


LTC < com 


ep 
Ssupporte d 
Warren 


1 


| out that atypical and 


] 


in equally abnormal 


has not 


bn en 


t1 


ve studies 
hal clusters, with in 
creased mitoti i Vity, 


\\ he nN 


developed in 


chron severe, the hypet 


premalignant changes 
Morson *” 
ich 


in intestinal type of 


and skin 


107 ston cancers 


series there was 


resent 


ved gastric mu 


of the eligibl 
intestinal meta 


rplasia without meta 
a mixed 
21% Detailed 


epithelial hyperplasia as a 


Ly] ot 


controlled 


rl " 
plasia 


studies of gast 


possible precursor of carcinoma are neces 


sary, since phasis traditionally has 


more e1 


been placed upon the degenerative and in 


ispects of “gastritis’ 


lammatory accon 


panying cancel 


lactors that influence the development ot 


gastrn 


epithelial hyperplasias and precan 


cerous changes are unknown. Ingested cat 


cinogens, to which the normal gastric mucosa 


IS Impervious, might well be active when 


ipplied to an abnormally atrophic epithelium 


IRCOINOMA 


) 


during the estimated 6- to 25-year period 


S 


required for evolution.*°:7! 
Ihe 


of “chron 


gastric 


Cancel 


inflammatory and degenerative aspects 


gastritis sometimes be 


ight 


immunologi 


with 
j 


blood 


correlated autosensitiza 


tions to group substances and_ the 


quent cle 


] 


s alld 


subse velopment of epithelial abnor 


few cancers 


ic polyps were found in 7¢ 


present cance! Series, con 


prising 


common localized hyperplasia 

\part 

frequency in 
has 


idenomatous Yastric 


cerous signincancs tron 


acknowledged pernicrous 


| ane 


mia ious study suggested that 


occasionally polyps 
iv develop secondary to pituitary stimuli, 


tron 


acidophil cells 


likely 


sometimes as 


part of a polyglandular endocrine hypet 


plastic state.*' In a minority of the present 


gastric cancer ¢ there were indirect in 


ises 


cations, such tary acidophil hyper 


plasia or hey that hormones might 


have participated ulating the 


gastro 


intestinal tract and other entodermal ce riva 


Whether 
] 


within and acted 


tives the trophic hormones arose 
| 


solely upon gastrointestinal 


tissues and related organs or were of types 


already isolated is unknown 


Phe 


served ippeared to be 


salient endocrine abnormalities ob 


more intimately asso 


ciated with the de elopn ent of precancerous 


gastric epithelial than with 


hype rplasias 
simple 


litional 


itrophy and metaplasia. Ad 


gastri 


( studies of host factors in 


}* rsons 
Phe 


frequency of ovarian stromal hyperplasia in 


“gastritis” may correct this belief 


with 


women, and of pituitary basophilism in 


men, would support some implication of 


gonadotropic hormones, but not in the sense 
of the stomach as a gonadal target organ. In 
this respect, there are analogies between 
gastric and thyroid diseases 

Once a gastric precancerous epithelial hy 


perplasia became established, possibly 


through the combined effects of an altered 
endocrine status and some ingested irritant, 
the outgrowth of most gastric cancers ap 
peared to be associated with the same pitui 
tary-adrenocortical 


hyperfunctional — state 
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ITHOLOG) 


commonly encountered with other internal "  Heredit 


cancers. Knowledge of the relative impor Crastri mi Intesti incer istroenter 
tance and interrelationships of genetic, ex 

ogenous, and host factors in the development 

of gastric cancer is still fragmentary, and 


turther work is needed 


Summary 
cases Of gastrin 
host tactors are 
ston ich cancel 
ort cancet pa 
greater than 
and abnormalities of 
ucosa are trequent 
> ot stomach cancers 
hyperplastic eC] ithelial 
by ingested substances 
Ic mucosa 18 suspected 
ircinogenesis Phe endo 
} ! 


opserved tavor participa 


hormones in the hyperplasi: 


trophies of certain entodermal 


cerous 


cancerous outgrowths 
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The Problem of Early Stromal Invasion in Carcinoma 


in Situ of the Uterine Cervix 


GILBERT H. FRIEDELL, M.D.; ARTHUR T. HERTIG, M.D., and PAUL A. YOUNGE, M.D., Boston 
With the Technical Assistance of Sarah Danziger 


rderline’ group ot : | iuestionable rl stromal mnvVvasion 
the uterine cervix, lyin; carcinoma 1 tu with gland in 
categories ol 1 l 1 ! of truly 

incer, im which Vasil carcinon 


difficulty in deciding 3. Is there any point on the histological 


ision Is present spectrum trom carcinoma in situ to invasive 


} 


1. . . } 
by the clinician moms it which — either irradiation 
final diagnosis, hows Werthen hysterectomy with 
the thet ip and prog , Iw lymphadenector becomes mandatory 
nt depend on 


pathologist 1 


Methods 


1916 through 
Women (here 
HV 
cinoma 
questionable 

ide in 6] 
cerns histologi 


} 


} | 
lab 


stro. 


what 


‘ ! icl pre] 


s accessioned after 194] 


sterec 
was trom cervi 


10 blocks of « 


rectomy specin 





Results 


whi h SCT] 


IscTla 


CTOSCOT IIE Toc! 


found in & cases 
V cases ind biopsy 
cases 


the 


Cases 


be 


neopl iste 
epitheliun 


confined to 
glandular thout invasion of the 
definite stromal inva 
sion could ruled out, 


and the 


one of carcinoma in 


ent and question 


is1ion 


showing foci of im 
vere several interest 
es observed, including 
tterns of stromal in 


hese al 


ision have 
seTniserial 
ill frankly 


similar observa 


tions ha \¢ 
and 


the 


by Fennell. The histologic findings 
following three cases were fairly repre 
sentative of the entire grouy 


welve blocks of the cervix were ide, 
ind the original histologic diagnosis made at 
that tn was 1 


ve squamous-cell cat 
cinoma irising in leukoplakia 


the patient w 
followed 
radium therapy She 


10 
she 


is given 
atments by 2000 


hours of 
in 1951, 


at which time 


was last 
seen vears altet being treated 


had no ec\ idence of recut 
rent lise ist 


Review examination in 1953 of the same 


slides on which the 1941 diagnosis had been 


_ 
ied 


I ack 


le ston 


to a slight “downgrading” of the 


1 in situ with gland in 
ement and questionabk 
Phe 


section 


to carcmon 
VOI “early” stromal 
irea of questionable 


the 


Invasion Invasion 


blox k 
from this 


through 


fror 7 o clock 


tions were 


in | 


ninute, 


mace 
igures | 


foci of stromal 


found there but was present 
ath epithelium at rig 
Hematoxylin 1 } 


in eosil 


bene 


ilso been reported by Stoddard 


j 


nl 





Fig. 2.—Epitheliun 
in Figure 1, seen in section ap 
proximately 150¢ deeper = in 
block Notice he scanty 
flammatory 


in 
cell inhiltr 


infil He 
matoxylin anc 


Vo A 


ARCH] 


Fig 


600m 


il 


arked 


atory 


iround 


lobster 


toxylin 


luced 


mag 


Vol 


about 


66, 


‘ )} 


PATHOLOG)S 


Approxin 
rom original 
Figure 1. N 

chron 


set 


otice 
inflam 
cell infiltrate 
t} 


e two invading 


claws.” Hema 


and eosin: 


10% 


re 


inown 
1X0 


Oct., 1958 





[R15 TROMAL IN 


well-differ 
tiated imvasive seen at | n Figure 
Above 


well-differentiated 


Intercellu 


" 1 1 
celis are lympi 


Vtes Hematoy 1 ! eosin: x 400 


] 


invasion appeared and disappeared in less 


than one-half of one illimeter of tissue 


| he st 


and 


sections illustrate a rather distinct 


tairly common type of “early” stromal 


invasion, namely, invasion by buds of well 


differentiated squamous epithelium ( Fig. 4) 


in which intercellular bridges are readily 


identified. A second type of invasion is also 


seen in bigure 4, i. e., a prong of poorly 


differentiated neoplastic cells infiltrating the 


idjacent stroma, without basement mem 


brane over the few cells at the tip. These 


tumor cells are poorly differentiated and 


are very different in from the 
bud of 
lhe 
cell 


plasm, and pleomorphic nuclei. 


appearance 


well-differentiated cells just noted 


cells at the tip have poorly defined 


boundaries, scanty amphophilic cyto 
There is a 
heavy lymphocytic and plasma-cell infiltrate 


A com 


illustrates the 


in the rather loose adjacent stroma. 
parison of Figures 2 and 3 


minimal chronic inflammatory-cell infiltrate 


Friedell et 


5.—Higher magnification of central are 


of anaplastic surface epithelium seet Figure 


3 Notice the 
“atypical Grade 1” 


and eosin: * 400 


pri kle-ce 


cells, and para 


zones ot anaplasti 
hyperplasia 
keratotic cells. Hematoxyvln 


beneath most of the nonmalignant squa 
mous epithelium and the marked chronx 
inflammatory-cell infiltrate so often seen at 
invasion in a field of 


the actual site of 


atypical hyperplastic epithelium 
Che 


also illustrate several other findings of in 


photomicrographs from this case 


terest. I irst, they clearly show that invasive 


cancer may be present in or beneath an 
area of histological and clinical leukoplakia 
Second, marked variation is seen both hori 
zontally and vertically in the appearance 
of the hyperplastic epithelium overlying the 


This 


igure 5, 


focus of invasion vertical variation 


is well illustrated in wherein the 


superficial portion of the epithelium is ana 


plastic but is not definitely malignant a 


cording to usual histologic criteria. One 


can, in fact, see three fairly distinct types 
of epithelium in some areas, with neoplastic 


prickle cells in the lower layer, “atypical 


Grade 1” cells in the middle zone, and 
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somewhat inaplastr parakeratot 


the superficial zone In the face of such 


stratification one cannot insist that neo 


plastic cells must be 


seen in ail/ levels of 


squamous epithelium before a diagnosis of 


cancer can be mad Similarly, the pattern 


(of apparent growth) of the squamous 


epithelium involving the large gland shown 


in Figure 7 is the classi 


pattern of the 
gland involvement seen in carcinoma in situ 


Although the individual cells are somewhat 


atypical, they do not appear to be malig 


nant Therefore, it seems quite possible 


that in these 


instances, as with some carci 


nomas of other organs, e. g., thyroid, the 


true malignant potential of the epithelium 


may not necessarily be 


reflected in its mi 
croscopic appearance 

Case 2 4 woman was first seen at age M in 
the FHW 1948, 
complaining of a one-and-one-half-year history of 
She had lost 20 Ib 


outpatient department, on June 29, 


intermenstrual spotting during 


this period. Examination of the cervix showed 


only a circumoral 


rosion 


49% 


inal smear was reported as Class 


itypical benign cells present), and biopsy 


and 11 o'clock 


areas were reported to show chronic cervi 


specimens taken from 6, 9, 


citis with focal areas of anaplasia Phe 


Nov. 12, 


performed at the 1, 5, 


patient returned five months later, 


1948 Biopsies were 


12 o'clock 


curettage 


7, and areas, together with endo 


cervical Microscopic diagnosis 


chronic cervicitis \ month later 


( Dec. 9, 


Was 
1948), the findings on examination 
were unchanged, and no further biopsies 


were performed. A vaginal smear was re 
Class 2. She 


to the 
1949). 


and 


ported as returned 


clinic two months later (Feb. 3, 


eleven months after her initial visit, 


both vaginal smear and biopsy were re 
The 
The biopsy specimen, however, was report 


ed to 


peated former was again Class 2 


show carcinoma in situ with gland 
involvement and questionable 


When 


reviewed in the present study, it was agreed 


“early” stro 


mal invasion these sections were 
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that carcinoma could 


\ month 


situ 


i (ilag . LST V¢ 


not be ertainty ifte 


the diagnosis ircinoma in and 


ibout one year after the first clinic visit 


1949 ) i 
salpingo-oophorectomy 


} 


1 
blocks 


total hysterectomy with 


(July 6, 
bilateral Was pel 


formed Twelve were made of the 


cervix he original diagnosis on the sec 
1949 
carcinoma tu 


focal 


tions mace from these blocks was 


involvement 


lhe 


with gland 


and stromal invasion patient 


was last seen in after het 


1955, six years 


hysterectomy with no evidence of recur 


rence or metastasis 


> 


On review (1953) of the original sec 


tions from the hysterectomy specimen, it 


was felt that there was probable, but not 


unequivocal, evidence of invasion in one 


section, while the other sections showed no 


invasive foci. In order either to confirm 


or disprove the diagnosis of early stromal 


invasion, semiserial sections were studied 


from the particular block. Beginning in the 


10th of 50 sections, definite stromal inva 


sion was found at seve ral po nts, ext nding 


through approximately mi of tissue 


Q)f additional 


the appearance ol 


here was quite different 


of invasion described 


buds ot epithe liu 


ince vitl 


tituent epithelial cells MOSSESSING 


nuclet or giant nuclear fort 


wiation tro the 


cule 
adjacent 


the exoendocervical 


higher in the endocet 


Va\ be 


soc 


ither than with any zone 


superficial ulceration, e 


ireas where clusters 


, 
Plasn 


ind neutrophils were 


as im l‘igure S, the former seemed 


next to tumor cells that were fairly 


to occu! 


well demarcated from the well vascularized 


edematous stroma, whereas the neutrophils 


seemed to be where tumor 


cells 


lar cords 


more prominent 


were infiltrating the stroma in irregu 


ind clusters. This distribution ¢ 


cells is also ilustri 


inflammatory 


Ligure 10 from Cast 


CASE 3 \ 


postmenopausal, wa 


patient department o1 c.. 2 1946 


j 


one and one-half vears s id noted prot 


] 


winal 


introitus 
iad noted a 
rour OccaSsIoOns the two t nths prior to het first 


visit, and she also complained of a white mucoid 


vaginal discharge during this time. Urinary fre 


quency and lower abdominal pain were other sym] 


toms of which the patient complained. Physical 


examination revealed a complete procidentia with 


ireas of mild ulceration on the ervix rhree 


weeks after her first visit she was admitted to the 


hospital and a cervicectomy, colporrhaphy, and 


perineorrhophy were performed 
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Fig. 8 Area of mvasion 
from Case 2. Plasma cells 
are present where basement 
membrane is imtact. Neutro 
phils make up most of the 
infiltrate elsewhere Hema 


tOXVIN und eos 225 


()f interest to clinician is the tact that 


pathology report on 
1 is “squamous carcinoma in this represents a case of invasive carcinoma 
in procidentia, In addition, this patient was 


(ot in 


sf 
land 3 Y ent and probable early 
| 


stroma The line of resection ipparently cured by cervicectomy 
Was report of tumor Phe terest to the pathologist is that, as in Case 
patient was last seen seven years after het 1, this represents neoplastic epithelium in 


surgery, at which time there was no evi or adjacent to, a zone of both clinical and 


1 


dence of recurrence or metastasis histological leukoplakia. A further similar 


l Is sect 


On review of the sections in 1953, we itv between this case and Case 


concurred with the original diagnosis, and in the appearance of the invasive prong 


were therefore mack shown in Figure 9, from which small clus 


semiseria 
cells become tsolated in latet 


Within a_ fev ons, foci of invasion — ters of tumor 


were found along the edge of an old endo sections Unlike Case 1, however, this 


cervical laceration lig 9 ln the Arnie prong does not arise direcily fro well 
section foci of invasion were also found differentiated squamous epithelium or an 


high in the endocervix in a field of exten epidermoid pearl but from only moderately 


e 10) well-differentiated epithelium This finding 


sive in situ carcinoma ( lig 


Fig. 9—Prong 
ferentiated neopl 
in Case 3, seen at 
sion in healed laceration Supe! 
ficial cells in this area were well 
difterentiated and heavily kera 
tinized. Notice plasma cells in 
— 


stroma. Hematox d eosin: 


400 
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points up the fact that the actual histologic 
form, including the degree of differentiation 
taken by neoplastic epithelium in foci of 
invasion, does not necessarily resemble the 
malignant epithelium in the larger field of 
carcinoma im situ) from which the foci 
originate 

All of the 25 cases in which semiserial 
sections were studied have been followed 
five or more years after therapy. In none 
of the eight cases in which invasive foci 
were found has there been any evidence 
of recurrence or of metastasis lwo pa 
tients had irradiation therapy, one had a 
cervicectomy, and five had hysterectomies 
Similarly, after five or more years of fol 
low-up, there has been no recurrence or 
metastasis reported in the 17 cases in which 
no foci of invasive carcinoma were found 

Likewise, there have been no deaths, re 
currences, or metastases from carcinoma of 
the cervix in the group of 15 patients with 
questionable “early” stromal invasion seen 
prior to 1941 on whom celloidin blocks 
were available and none in the group seen 
after 1941 in which the paraffin blocks were 
either unavailable or unsuitable for serial 


sectioning 


Comment 


in answer to the first question posed in 
the introduction, “What percentage of ‘bor 
derline’ cases with questionable ‘early’ stro 


mal invasion are actually invasive, and what 


Friedell ct a 


percentage have only gland involvement ?”’ 
we found that 8 (32°) out of 25 cases of 
carcinoma in situ with gland involvement 
and questionable “early” stromal invasion 
had microscopic foci of invasive carcinoma 
when the tissue was studied further. Six 
teen cases (64%) had only gland involve 
ment, and one case (4° ) remained in the 
“borderline” category despite the semiserial 
sections. If these figures are applied to 
the 36 cases of questionable “early” stromal 
invasion in which serial sections could not 
be made, 12 of them might also have had 
invasive foci Thus 20 of the 61 “borde1 
line’ cases may have represented invasive 
carcinoma of minimal extent, while in the 
remainder the neoplastic epithelium was 
probably confined to the surface and _ the 
glandular spaces 

In the absence of serial section, however, 
the 36 cases, plus the l “borderline” case 
remaining even after serial section, were 
still designated in the final series of cases as 
carcinoma in situ with gland involvement 
and questionable “early” stromal invasion 
In the other histologic categories in the final 
series, there were 20 Cases of carcmoma 1n 
situ of the surface alone and 178 cases of 
carcinoma in situ with gland involvement, 
which, when added to the 37 cases above, 
provided a total series of 235 cases of 
carcinoma in situ at the completion of our 


review 





Chis 


which 


group of 235 cases plus the & in 


invasive foci were found furnish an 


answer to a corollary of the first question, 


namely, “What percentage of al/ cases of 


carcinoma im situ, not just the ‘borderline’ 


ones, is actually invasive carcinoma?” Al 


though 32% SS of 


. Z cases ) our cases 


of carcinoma in situ with gland involve 


ment and questional “early” stromal in 


- 11 
Tasion actually have Invasive 


slightly more than 3° (8 of 24. 


aii ot Our Cases OT carcinoma 1n 


be reclassihed Ss invasive 


The second uecstion posed in the intre 


duction concerned the relative prognosis for 


cases in the three categories of (a) caret 


noma gland involvement 


carcinon in situ ith gland involy 
and questionable “early stromal 


and (c) definite only focally invasi 


carcinoma. Our data suggest that the prog 


nosis for cases all three groups should 


be about the same and very favorable whet 


treated by simple hysterectomy, including 


a wide vaginal cuff This prognostication 


however, holds only when this diagnosis 1s 


based on examination of cervices which 


been completely bloc ked or on exXan 


have | 


ination of biopsy specimens from c¢: 
which subsequent thorough furthet 


show no Invasive carcinoma 


Chus 


“early 


when rocus Of que stionable 
found in_ the 


block of a 


know that if the 


stromal invasion 1s 


routine section trom one con 


pletely blocked cervix. we 


—. ‘ ’ ‘ - 
lesion actually epresents imvasive§ car 


noma, it does not exceed the thickness of 


the block e..2to 5 mm. If it wer 


more 


extensive it should, of course, be apparent 


im the routine sections from the adjacent 


blocks 
able 


a biopsy specimen and no other evidence of 


Similarly when a focus of question 


“early” stromal invasion is found in 


invasion is found elsewhere, we know that 


the size of the lesion cannot exceed that 


of the biopsy specimen 

Although in our series the five-year dis 
free survival rate for all three groups 
100%, the 


ease 


fact that 32 of cases of 


VW {IRCHIVES OF PATHOLOG) 


carcinoma in situ with gland involvement 


and questionable “early” stromal invasion 


were found to be actually invasive on serial 
section suggests that cases in this category 


should be given a slightly less favorable 


than cases of gland involvement 


pre NOSIS 


alone. Similarly, the group of cases with 


definite but foc! of 


like lihood 


than the 


MUICTOSCOP nmvVvasion 


will in all have a slightly worse 


prognosis previous two groups 


Thus, with increasing degrees of stromal 


invasion the chances in favor of lymphatic 


oO. blood vessel Invasion mcrease and the 


should become less favorabl If 


prognosis 


one presupposes that any tumor cells in the 


stroma are apable ( entering lymphatic oO 


blood vessels, it seems reasonable to assume 


that sooner or later a patient 


j sferecton diagnosis ort cal 


with gland involvement and 


“early” stromal imvasion will velop a 


due to lymphatic or capillary 


met iStasis, 


invasion, in an area where there was actual 


but not histological demonstrable stromal 


invasion. Similarly, m with the his 


li 
i 


lagnIOSIS OT 


Cases 


definite but minimal 


al invasion such as those just «ke 


scribed and those noted by Stoddard 


Is ilmost imevitabk that sooner or later 


some metastatic lesions will 


appear m in 


occasional patient following hysterectomy 


or in regional lymph nodes obtained at the 


time of hysterectomy and pelvic lymph 


idenectomy Indeed, after this portion of 


the study was completed, a case of this type 


was reported by Decker,* in which a focus 


of metastatic tumor was found in. one 


lymph node in a case of carcinoma in situ 


. lL, 
with ass 


With 


at which more radical therapy should 


ciated focal stromal invasion 


regard to the third question, th 


point 


be employed, our data indicate that total 


hysterectomy is adequate treatment for car 
cinoma in situ with gland involvement and 
suggest that it probably would also be ack 


quate for the other two groups as well 


In those cases where the diagnosis of ques 


tionable “early” stromal invasion is made 


on biopsy specimens, and invasive carci 


noma cannot be definitely diagnosed either 
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Vasion Semiserial sections 


in those specimens Or 1n adequate additional 


total hvsterectomy would 


appeal 


(on the othe 


material 
the 


in those cast 


to be treatment of choice 61 cases, and microscopi 


hand, 
of 


vhere microscopic foci 


all 


series 


asion are found. we over 3% of the cases 


be 


separate 


detinite 


Stromal WW 


feel that each case should treated indi situ in oul 


vidually and ' 8 a thera Certain recurrent 


] 1 
peut problet Linniy here 1s an early stromal invasion§ are 


instance where an must considet illustrated. and the 


]-,} 
teil? 


if the 


Mot 


of such findings 1 


1 
1 


ases treated 


“border line”’ 


ot 


or less than the 


Cases as tor « carcinoma 


ases 


questionable “early” stroma 
may very well be adequate 1 


utcome r ¢ focally invasive 


HM 


Pond 


ases 


of 


¢ +t] | 
it the ATH extent 


histologi 


the aa Memor 


t would 


with any 


tor to bn COl 


; } 

therapy Is lack 
» the last question 
r 


designate 


be 


ve 


spectrun 


carcinon 


lardized form of 


ipy should arbi 


nental 


hiladel 
Summary Philadelp! 
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ises 


Fennell, R 


for Ces Earls 


| lospital 
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studied ree with Invasive 


situ 
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n, the diagnosis in ases 32-309, 1955 
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Ly 
Am. J. 
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with 
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‘ ” 1 of ti ( 
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port ot < Yhyct 


1119 


ise 


ried 1956 


from selected parathn blocks in 
Toc! 
were found in 8 cases, repre 
of 


histologi 


prognosti 
S discussed 
ectomy appeared to be adequate ther 


cases in this series, 
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25 of thes 


ot invasion 
senting slightly 
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Immunohistochemical Analysis of Lesions Associated 


with “Fibrinoid Change” 


JACINTO J. VAZQUEZ, M.D., and FRANK J. DIXON, M.D., Pittsburgh 


Introduction 


\ group of poorly understood human dis 


eases affecting primarily the connective 


tissues include, among others, rheumati 


fever, systemic lupus erythematosus, throm 


botic thrombocytopenic purpura, and enti 


associated with _ bilateral 


W hile 


one another in many respects, they share a 


ties cortical 


these diseases differ from 


necrosis 


histologi similarity, namely, “fibrinoid 


change’ ' in the lesions. Since the early 


studies of this change," different, often 


contradictory, interpretations have been 


given to its nature and significance he 


question of whether fibrinoid represents an 


intrinsic change of tissue components, eithet 
‘ 


collagen,” ground substance,** or 


muscle,” or whether it represents a tissue 


abnormal 


10-12 


change resulting from the pres 


ence of a plasma protein or nucleo 


proteins '*."4 has not as yet been settled 


Neither 


fibrinoid is 


has it been settled whether all 


essentially similar or whether 


diverse tissue changes of different consti 


tution might have the typical, albeit non 


specific, staining qualities of fibrinoid. In 


regard to its significance, the fibrinoid 


change has been stressed by some authors 


who favor a_ hypersensitivity origin of 


some of these diseases on the basis of their 


morphologic similarity to experimental 


serum sickness, a generally 


15-19 


accepted im 


munologic disorder.® Others have 
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likened most of these entities to the general 
ized Shwartzman phenomenon, largely on 
and have 
fibri 


the basis of the fibrinoid change, 


proposed a unifying name, “system 


noid diseases,” for the group." If some 


or all of these diseases have a pathogenesis 


similar to the Shwartzman phenomenon, 


their classification as hypersensitivity dis 


eases would be doubtful, since most available 


information suggests that the Shwartz 


an phenomenon is not a hypersensitivity 


reaction in the usual immunologic or an 


tigen-antibody sense Gitlin and 


Recently 


co-workers 7" reporied on a_ histochemical 


study of fibrinoid in the lesions of “collagen 


diseases,” and from their results it is 


claimed that fibrin is an important 


com 


ponent of such fibrinoid material. To some 
extent there seems to be a dis« repancy be 
and the 


Vaz 


and 


tween their reported findings 
diseases by 


Mellor 5 


co-workers,*!** using similar techniques 


results obtained in similar 


quez and Dixon '* and by 


The present study was undertaken in the 


hope that a further analysis of the lesions 


of the above human diseases, plus SOM 


experimental disorders, for their plasma 


protein composition might indicate 


some 


similarities or differences among these 


various entities in which fibrinoid change 


is present. For this purpose, using the 


Huorescent antibody technique of Coons et 


al.. the lesions of rheumatic fever, sys 


temic lupus erythematosus, experimental 


serum sickness, thrombotic thrombocyto 


penic purpura, abruptio placenta compli 
cated by bilateral cortical necrosis, and the 
generalized Shwartzman phenomenon were 
analyzed for their fibrinogen and/or fibrin, 
y-globulin, and albumin content. I‘rom the 


results obtained it was possible to separate 
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these entities into two immunochemically 


different Ips (a) diseases whose 


—_ 


lesions show a preferential concentration of 


globulin, including systemic lupus ery 


and 
(hb) 


thematosus, rheumatic fever, experi 


mental serum sickness, and diseases 


whose lesions show a preferential concen 


tration of fibrinogen and/or fibrin, namely, 


thromboti thrombocytopeni purpura, 


ibruptio placenta with bilateral cortical 


the generalized Shwartzman 
Additional 


fibrinoid change in pepti 


and 


necrosis 


phenomenon studies were done 


on the ulcer and 


in human places which showed that in 


such lesions there i preferential concen 


ition of fibrinogen and/or fibrin 


Material and Methods 


albino 


rabbits 

ac 
} liy 
edu 


10 me. sub 


} 
it 


lose was 


route und on Day 5 


two 
a similar fashion 
ned contained approxi 
untibody mtrogen per 

(anti-RFib) 
tained atter g l ! ection to 
prepar 


Hepari blood was drawn 


was ob 
a sheep ot an 


nsoluble rabbit fibrin obtan d as 


follows from nor 


cells the plasma 
ulded. Fibrin 


re peated] witl 


| 


ite material was 


lyophilized d reduced to a fine powder 


fibrin thus obtained was emulsified in Freund's 


ant (without Mycobacterium — tuberculosis 


). and the animal was given injections a 


cording to the following schedule: An initial intra 


nuscular dose of 30 mg. of protein was given, and 


ifter approxin weeks, 50 mg. was given 


*Sharp & Dohme, Division of 


Inc., Lot No. 31289-31 


Merck & Co, 


Io 


“FIBRIN 


WD CHANGI 


by the same route This last dose was repeat 


thereafter at three to four-week intervals By 

fifth injection and subsequently, the sheep sera co 
tained approximately 500ug. of antibody nitroget 
antisera (anti-HFib and anti 
were immunologically characterized by pre 


] 


per milliliter. Both 


RFib) 


cipitin reactions in saline and in gel media by 


Paul H 


concentrations 


Maurer. It was found 
tested, no d cross 


occurred betweet RGG 


Similarly no ross react was fourl bet weet 


uwti-HFib and HGG or HSA Phe antifibrinoger 


intisera were not pure 


some cross reactiol 


the precipyti tec! 


could be 1 ) ibsorption witl 


orresponding (fibrinogen 
ptn il proportion work the terms 
l lescrib 


fibrin, when used to 


interchangeable 


ymponent, 


OSs Tre curs between 
und fibrin, ( 1 \ a. All anti 


tained were conjug 


LK 


fluorescein 1so 


is previously and the result 


ites were used 


e detection of 


correspot! tissue sections 


rT sectiol 


pl tog ipl were 


elsewhere Likewise, 


controls for the specihicity ot fluorescens 


is previously described.“ A modifi 


uning procedure was concurrently 


Ss experiment . rther control on 


the specificity of the antisera. Thu en a Se 


tion was h fluorescent anti-y-globulin 


for dete m of y-globulin in tissue, a1 l 


jacent simil tion was treated with the same 


reagent after it had been exposed previously 


This 


nonfluorescent antifibrinogen for 30 minutes 


was done in order to block fibrinogen (at the slide 


level) wummunologically, if present in the section, 


which might react with the fluorescent 


globulin in case this conjugate were 


some fluorescent antifibrinogen. However, 


dence for the presence of fluorescent antifib 


was seen in fluorescent anti-y-globulin conjugates 


Similarly, basis, when fluorescent 


und on the 


antifibrinogen was uti . o detect fibrinogen in 


tissues, an adjacent section was exposed to non 
fluorescent anti-} 


All tissues 


autopsy or by biopsy 


zlobulin prior to specific staining 


employed were obtained either at 
Small representative blocks 


quickly 


lreeze 


for immunohistochemical studies were 


frozen (at 70 C) and stored in deep 


+ Fluorescein amine was obtained from Dr. Klaus 
Hofmann, Department of Biochemistry, University 


of Pittsburgh School of Medicine 





tor sectioning 


fixed in 10% form 


studies. Sections 


PAS) 


i-HGG 
diffuse specific fluor 
in the inflamed per 
comnective tissue indicat 
concentrations of y-globulin 
in these areas. Fluorescent 


micrograpl 





it 
osinophiln 


an eosmophili 


1uricula 
mc rheumati 
itous) endo 


1s lepositior 
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re ll Section oO I " cli the Y 


ized Shwartzmar phenomenon, showing 
glomerulus with fibrinoid material occluding 


upillary h ! Hematoxylin and eosin stain 


Sectiot fr t kidney in the ge 
Shwartzman phenomenon similar to that 


seen in Figure 11, staimed with fluorescent anti 


RFib. Note the green specific fluorescence, in 
cating concentration if homologous “fibrinoget 


fibrinoid oc ling e « ipillaries Fluore 


tl romboti th ron 
‘ . 1 1 ; y } ' | } ial ” 1 
ocytopeni howing hbrinoiw material ‘ig. 13.—Section of human placenta showin 
1] ecludi amen and in rated is 
partial st UTTiC 1 imcorporated | chorionic villus wit! fibrinoid Hematoxylin at 


the vessel v lematoxyvin and eosin stair 


} 


eosin Stam 
Fig. 10 } rte in thrombotic thrombocy ‘ ’ 

Fig. 14—A section of human placenta similar 
that seen in Figure 13, stained with fluoresce 
anti-HFib. Note the bright green specific fluores 


topenic purpura simila that seen in Figure 9, 
stained with fluorescent anti-HFib. Note the bright 
green specific fluorescence, indicating concentration 
of fibrinogen and/or fibrin in the fibrinoid partially ence, indicating concentrations of fibrinogen and 


occluding the lume 1 incorporated in the vessel fibrin in the fibrinoid change. Fluorescent mict 
wall. Fluorescent n gi graph 
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Fig. 16 Section of humar 
kidney im systemic lupus 
t 


erythematosus similar 


in Figure 15 


ained with fluorescent anti 
HGG. Note the bright speci 


fluorescence "W vessel 
wall, indicating concentra 
tions of y-globulin in_ the 
hbrinoid. Fluorescent micro 


grapl 


seen in igure 16, stamed 
with fluorescent anti-HFib 
Note, by contrast, the ib 
sence of specific fluores 
cence in the altered vessel 
wall, indicating lack of con 
entrations oft fibrinogen 


Fluorescent micrograpl 





+ idne sim 

in Figure 19, stained wit 
fluorescent wti- HGG 
Note, by ontrast witl 


Fig 19, the ibsence 


specihe thuorescence hy 


the fibrinoid of arterioles 
indicating lack 
centration 

in these ilter 


Fluorescent 1 





bot 1¢ 
purpura 
erulus 
hibrinoid 

irea ther 

ot partial oc | 
lilated « 
hbrinoid 


und COSI 


22.--Section ot 

kidney in throm 
hrombox ytopena 

purpura sin ilar to tl at in 
Figure 21, stained witl 
fluorescent uiti HFib 
Note the bright specihc 
fluorescen ie fibri 
capillaries, 

indicating concentration 
of fibrinogen in these 
ireas. Fluorescent micro- 


rapl 


man kidney wu 


ibruptio placenta complica 


ed by lateral corti al me 

SIS Prominent fiibrinoid 
change is noted u the 
glomerulus Hematoxylin 


ul eosin stain 





lacenita 
were 


necrosis 


und is 


long witl 


previous! f thrombotic thrombocy 


purp 


cl anges 


pen ise of their similar morphologi 


showed generalized vascul 


occlusive hhenomena with eosinophilic 


resembling the kidneys were the seat 


bilatera necrosis, and fibrinoid 


was present terioles and glomeruli ( Fig 


lL xperiment rum Stickness.—Serum sickness 


was produced ibbits | single intravenous 1 


bovine ser ut 
kilogran The 


injected antigen was 


recto! ot T col beled crystalline 


Ubumit 


(| BSA), 250 mg. per 


rate of disappear e ot 
lowed \ vin toy r techmiques, 
| i 1 on tl day of 


usually 13 to 15 


ifter impection of anti } rhis group of anima 


let Tal 
wnima complete 


mune days 


| lesions SIT those le scribed pre 


showe 
proliferative 


consisting ain) i 


coronary ll damage wit! 


viously,” 
glomerulitis and 
endothelial prolite ration 

wartcman Phenomenon [he 


rtzman reaction was provoked 


Creneraiiced i 
generalized Shw 


weighing approximately 1.5 to ke 


albino rabbits 


by a preparatory) Intravenous dose ot 75g ot 
Escherichia coli endotoxin,§ followed 24 hours later 
a similar intravenous provoking dose of Fk. coli 


killed at 


second 


by 


endotoxin. The animals were intervals 


24 hours 


generalized 


up to after the dose Histologx 
evidence of vascular occlusive pheno 
mena was present. The occlusive material consisted 


of clumps of smudgy eosinophilic material, some 


times admixed with blood cells, mainly leukocytes 


§ Lipopolysaccharide E. coli, O111:Bs, Difco 
Laboratories R. B355 
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seen 
stained with flu 
ti-HFib. Note the 


fluorescence 


ul 
specink 


concentrations of 


1 occlusive 


In some of the animals e eosinophilic 


material was plastered against the vessel wall 


endothelium was covering this material, with the 


incorporation of fibrinoid in the vessel 


kidney Ss 


is early as 


resulting 


wall Phe showed bilateral cortical ne 


four hours after the provoking 


cTOSIS 


lose, and histologically many glomeruli showed 


plugging of their capillary lumens with eosinophilic 


(Fig. 11) 


MaMneou ( 


material 
MV isce 


gastri 


maition (One case t active 


peptic ulcer was studied in which fibrinoixl 


change at the base of the lesion was present 


Placental tissues wit! ninent fibrinoid change 


were also studied ( Fig 


Results 
Fever 


cardium with active lesions, as previously 


Rheumati When areas of myo 


desc ribed, were stained with fluorescent 


anti-HGG, diffuse intense specific fluores 


cence Was observed in the edematous peri 


vascular connective tissue, indicating the 


presence of considerable amounts of homo 
logous y-globulin in these areas. Becauss 
of the diffuse distribution of y-globulin in 
altered connective tissue 


the perivascular 


the 
trations of this protein in the specific areas 
diffeult (Fig. 2). When 
for albumin, 


visual localization of increased concen 


of fibrinoid was 


similar sections were stained 


no significant concentrations of this protein 
were found in the altered perivascular con 


nective tissue. These findings are com 


parable to those previously described.!* 
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Similarly, when sections were stained with 


Huorescent anti-HF ib, no specific fluores 


cence was detected, indicating the absence 


of concentrations of fibrinogen in_ these 


reas (big. 3). However, when sections of 
acutely inflamed epicardium were immuno 
histochemically stained for y-globulin, 
fibrinogen, and albumin, all of these three 
proteins were present, fibrinogen’ (or 
fibrin) being particularly concentrated in or 
near surfaces, usually with a fibrillar char 
acter. This pattern of protein distribution 
might be expected in areas of acute fibrin 
inflammation with 


ous outpouring of all 


plasma proteins. When sections taken from 
the auricular appendage in a case of active 
rheumatic carditis were stained with fluores 
cent anti-HGG, the edematous endocardial 
layer showed preferential concentrations of 


When 


albumin 


homologous globulin 


( big H) 


similar sections were stained for 


or fibrinogen, these areas showed no concen 
trations of these proteins. It is of interest 


that in some areas there was deposi 


tion of eosinophilic fibrillar material in the 
had the 


threads 


surface of endocardium, which 


morphologic appearance of fibrin 
When sections showing this feature were 
stained for y-globulin, the endocardium 
again showed concentrations of y-globulin, 
whereas the deposited fibrillar material was 
negative. On the other hand, when these 
stained for 


the fibrillar 


areas were fibrinogen (or 


fibrin ) material on the surface 
was positive, whereas the edematous endo 
cardium was negative (Fig. 5) 

Lupus When 
were 
anti-HGG, the 
fibrinoid change of arterioles and capillary 


System Erythematosus 


sections of kidneys in these cases 


stained with fluorescent 
walls of glomeruli showed specific concen 
trations of y-globulin (Figs. 8 and 16), a 
finding similar to that previously reported.'* 


When 
Huorescent 


similar sections were stained with 


anti-H ib or fluorescent anti 
HSA for the detection of fibrinogen and 
albumin, respectively, no significant specific 
fluorescence was noted, indicating lack of 
concentration of these proteins in the fibri 
noid ( Fig, 17) 


Vasques—Dtxon 


“FIBRINOID CHANGE” 


Thrombotic Thrombocyto pent 
and Abruptio Placentae 


kidneys, 


Purpura 
When sections of 
liver, pancreas, spleen, and lungs 


in cases of thrombotic thrombocytopenic 


purpura stained with fluorescent anti 


HI ib, 


were 


were 


specific concentrations of fibrinogen 


found in the occlusive material of 


small vessels. Sometimes this material was 


observed occluding completely or partially 
the vessel lumens; at other times it was 
seen as forming part of the vessel wall. In 
either case, 


found in this 


When 


albumin or } 


fibrinogen 
10 and 19) 


studied for 


Was 


material ( bigs similar 


lesions were 


globulin, no concentrations of these pro 


teins were found (Fig. 20). In sections of 


kidneys with fibrinoid change in glomerular 


capillaries, specific concentrations of fibrin 


ogen were found in these areas, whereas 


no concentrations of albumin or y-globulin 


were present (Fig. 22). Findings similat 


to those described for thrombotic thrombo 


cytopenic purpura were found in the oc 


clusive material and vessel walls in one 


case of abruptio placentae complicated by 
bilateral cortical necrosis (Fig. 24). 
Most of 


eX] eT 


Experimental Serum Sickness 


the immunohistochemical data in 
mental serum sickness has been previously 
Evidence was 


reported.'® given for the 


presence of specific concentrations of 
homologous y-globulin in glomeruli show 


ing a proliferative glomerulitis, as well as 


in the wall of damaged coronary vessels 


(arteritis ) Likewise, evidence was pre 
sented for the localization of the specific 
antigen and, indirectly, the antibody in such 


When 


glomerulitis were 


lesions sections of kidneys with 


stained with fluorescent 


anti-RIib, no specific concentration of 


fibrinogen was found. Similar sections 


showed concentrations of y-globulin in 
altered glomeruli when stained with fluores 
cent anti-RGG 
Generalized Shwartzman Phenomenon 

When sections of kidneys, liver, lungs, and 
spleen of rabbits showing the generalized 
Shwartzman reaction were stained with 
fluorescent anti-RF ib, it was seen that the 
small vessels of dif 


occlusive material in 
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ferent organs as well as the  fibrinoid 


material in glomeruli contained specific con 


centrations of homologous fibrinogen ( big 


12), as previously 


reported 26,27 No con 


centrations of globulin or albumin were 


found in these areas 


Viscellaneous Conditions The fibrinoid 


change in the base of peptic ulcer showed 


specific concentrations of homologous 
when the 
anti-H Fib 


fluorescence 


fibrinogen (or fibrin) sections 


were stained with fluorescent 


The 


localized to the 


areas Of specific were 


“hbrinoid strands” in the 


When 


fluorescent 


similar sections 
anti-HGG 


and fluorescent anti- HSA, diffuse increases 


base of the ulcer 


were stained with 


of both y-globulin and albumin were found 


in these areas, distributed much more widely 


in the inflammatory lesion than the fibrin 


ogen The fibrinoid in placental tissue 
stained specifically for 


14). y-Globulin 


in the 


( Fig 


hbrinogen 


] 


and albumin were found 


connective stroma of the 
villi, 


cently reported by Bardawil et al.* 


tissue 


chorion a finding similar to that re 


Comments and Conclusions 


Immunohistochemical methods such as 


the fluorescent antibody technique appear 


to be better equipped to obtain information 


regarding the presence of some specifi 


integral substance in tissues than othe 


availiable methods, morphologic, histo 
combination 
While the identification of 


with the 


chemical, or enzymatic, or a 


of these tissue 


substances fluorescent antibody 


technique enjoys the specihicity of an im 
munologic reaction, little or no quantitative 
from such ob 


information can be derived 


servations. Only relative ideas of concen 
trations of a given substance can be obtained 
by comparing the intensity of fluorescence 
in one area of a to another 


tissue section 


area of the same _ section However, by 
comparing the intensity of the stain for a 
both 
marked 


which 


given substance in normal and dis 


eased differences can be 
reflect dif 
ferences in concentrations of the specific 


tissues, 


observed presumably 
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substance Thus, using adjacent sections 


stained for fibrinogen, globulin, and al 


bumin, respectively, it may be possible to 


recognize a relative concentration of one 


or more of these proteins in a given lesion 


above the concentration in normal areas 


while other proteins may not show a similar 


concentration in the lesion 


Although the finding of specific plasma 


protein or proteins in a given lesion with 


fibrinoid does not necessarily account for 


the whole amount and composition of this 


material, it does focus attention on a com 


ponent that might be instrumental in_ the 


genesis of the fibrinoid. The findings of 


concentrations of globulin in lesions of 


rheumatic fever and systemic lupus ery 


thematosus are in agreement with previous 
Mellors 


et al.** on these diseases and on rheumatoid 


observations made by us and by 


irthritis and polyarteritis nodosa. However, 


they fail to confirm the findings of Gitlin 


and co-workers *” in these diseases, using 


similar procedures The technical steps 
employed by the latter authors are somewhat 
different from the ones we have employed 
in this study, and some of their morpho 
bear little resemblance 


logic observations 


to the ones reported here 

While our results serve to divide the en 
tities studied into two groups based on the 
plasma protein composition of the lesions, 
the \ do little 


to explain the pathogen 


mechanisms involved The concentration of 
y-globulin in certain lesions has been cited 
as evidence for the operation of an antigen 
antibody mechanism.*";** Certainly, a local 
ized antigen-antibody reaction, such as must 
occur in experimental serum sickness, can 
be responsible for a localization of y 
globulin in a lesion. Likewise, the finding 
of preferential concentrations of y-globulin 
in the lesions of systemic lupus erythema 
tosus is consistent with the direct participa 
tion of the L. E. factor, a y-globulin, in 
the pathogenesis of the lesions. However, 
it 1s possible that Y globulin concentrations 
in primary connective tissue changes might 


also be due to increased affinity of that 


lol. 66, Oct., 1958 











IMMUNOHISTOCHEMICAL ANALYSIS O1] 


tissue for globulin. It is known that there 


is normally a small affinity of y-globulin 


lor some tissue constituents, and this might 


be magnified in such situations. It is also 


possible that a metabolic alteration leading 


to hypergammaglobulinemia, such as is 


frequently tound in some of these diseases. 


might predispose © the deposition of 


globulin in either normal or abnormal tis 


sues 


In contrast to the showing con 


lesions 


centrations of globulin, the lesions of 


the generalized Shwartzman reaction 


thrombotic thror bocytopen purpura and 


cortical necrosis associated with 


bilateral 
premature separation of the placenta show 


preferential concentrations of fibrinogen 


These 


vascular 


consist 


\ hic h 


vessel walls. The 


lesions largely of intra 


hibrinoid may become in 


corporated into the fibrin 
been suy 


fall in 


nature of these thrombi” has 


gested, primarily on the basis of the 


plasma fibrinogen levels at the time thes 


and as result of 


thrombi are formed ~® 


electron microscope studies.*! Our findings 


are consistent with these suggestions and 


} 


confirm previous observations on the nature 


of the fibrinoid material in thrombot« 


thrombocytopenic purpura made by Craig 


und)=s Gitlin“) using immunohistochemical 


Whether the 


techniques deposition ot 


fibrinogen is primary or whether it 1s pre 


ceded by a change in the vessel wall cannot 


be determined, but it seems likely that the 


fibrinoid material in the vessel walls and 


thrombi represents fibrinogen deposited 


from the circulation, and is not primarily 
composed of altered constituents of the ves 


The 


similarity of the immunohistochemical find 


sel wall, as has been suggested.**** 


ings in the generalized Shwartzman phe 


nomenon and _ bilateral cortical necrosis 


associated with premature separation of the 
placenta are consistent with previous ob 


servations *° on the resemblance of these 


two entities. The morphologic similarity 
of lesions showing increased fibrinogen con 
centrations might suggest a similar set of 
vascular 


steps in the development of the 


lasque 


‘TIBRINOID CHANGI 


lesions, 1. ¢ deposition of fibrinogen in 


vessel walls and thrombosis. However, a 


variety of predisposing and precipitating 


tactors n ht lead to this final event lor 


Lig 
instance, the initial injury might be to the 
itself or to the circulating elements 


to both In the 


vessel 
involved in coagulation or 
generalized Shwartzman phenomenon, both 


these factors appear to play a role, but much 


less is known of the pathogenesis of the 


human diseases 


It mav be concluded (a) that the results 


ot an immunohistochemical analysis of 


lesions associated with fibrinoid change are 
consistent with the views that such chang 


is not chemically identical in all cases #64" 


(+) that plasma proteins might play a role 


in the production of the fibrinoid change, 


ind (¢c) that, in our present state of ig 


norance regarding the so-called connective 


results such as 


littl 


tissue diseases, these pre 


sented can have pathogenetic signifi 


ance These findings can only serve to 


point out differences and, perhaps less 


between some of the 


Che 


ever, emphasize the danger in applying a 


surely, similarities 


diseases studied observations, how 


unifying concept to fibrinoid and to the 


diseases associated with this change 
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terials for this study provided by Dr. T. ] 
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Judith Carnahan and Mr 
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Department of Pathology, University of 
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Papillary Carcinoma of the Thyroid 


1 Study of the Pathology of Tw 


Hundred Twenty-Sia 


Cases 


WILLIAM A. MEISSNER, M.D., and ANITA ADLER, M.D., Boston 


Papillary carcinoma of the thyroid, the 
commonest type of thyroid cancer,'* often 
has such a slow clinical course that it poses 
initial and 


problems in long-term 


Ss] ecial 


management Since clinicians often regal dl 


and treat these tumors in a manner very 


different from others, the pathologist’s clas 
sification of a thyroid 


cancer as papillary 


is of more than academic interest lor the 
same reasons, a comprehensive knowledge 
these 


of the pathology of tumors is of 


spec ial mportan e 


Material and Methods 


I he present study is based on 226 surgical speci 
seen in this 


1937-1956 


mens of papillary thyroid carcinoma 


laboratory during the 20 


acl 


a) sides tof 


vear period, 


specimen was reviewed from two sources 


microscopic study, and (hb) labora 


tory records of gross and clinical data Che 


criteria used for thyroid tumor as 


papil 


lae, hence papillary, and (hb) evidence of invasion, 


diagnosing a 


papillary carcinoma were (a) formation of 


hence carcinoma. Furthermore, only tumors show 


ing predominantly (over 50%) papillary structure 


were included in this series. The term papillary is 
perhaps less exact than the term papilliferous, but 


it is retamed hen ise of established usaut 


Results 


Occurrenc: \s in most reported series 
of thyroid cancer, the majority of the pa 
(81% ) female 


tients were 


Age distribution 1s shown in 
The 
age 42 


igure 1 


range was 14 to &6, with the median 


| he 


evenly distributed within the third through 


great majority were rather 


seventh decades 


Submitted for publication June 11, 1958 


From the Laboratory of Pathology, New Eng 


land I Jeaconess He spital 
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Females Males Combined 
Range 14-86 19-67 14-86 
Mean 43 42 43 
Median 42 41 42 
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2348s8 67869 
Age in Decades 


ge distribution by sex im 226 cases ot 


thyroid carcinoma 


The ratio of papillary to all thyroid 


cancers seen in this laboratory during the 
past 30 years has remained very constant 
Within each decade the papillary type has 


consistently made up approximately 50% 


of the total 


Color of the tumor 


rT OSS A p pearance 
tissue was typically tan, but with degenera 


tive changes, which were common, there 


were foci of red { hemorrhage ), gray 


(fibrosis), and occasionally yellow (ne 


Crosis ) was resilient to firm 


( onsistency 
in the more solid tumors and soft to friable 
in those with cyst formation. In either 
case there was sometimes gross evidence of 
focal calcification 
Cyst formation (“cystadenocarcinoma” ) 


(47%). The 


brown fluid 


was frequent cavities were 


filled with thin and varied in 





PAPILLARY CARCINOMA OF THYROID 


diameter from less than 1 em. to as much 


as 3 or 4 cm 


Papillary structure was sometimes evident 


grossly; in the cystic tumors, as papillary 


projections along the inner lining of the 


cyst wall, and in the solid tumors, as a 


rough or shaggy texture of the cut surface 


\ capsule was described grossly in 52 


cases (22% ) 


Much more commonly, how 
ever, the tumor margins were too ill defined 


for statistical evaluation Gsrossly discrete 


measured about cm in 


tumors typically 
diameter, weighed about 10 gm., and showed 


no predilection for any particular portion 


of the gland 

l'rom the gross examination alone, a pre 
sumptive diagnosis 0 
he 
more discrete tumors with cysts 


be 
follicular 


f papillary carcinoma 


can often entertained, especially in the 


Howeve Be 


it should emphasized that adenomatous 


goiter o1 tumors may at times 


have a similar 


Vicr 


featur 


gross appearance 


scopic A ppearanc Che character 


Isti papillary growth was the 


w-power ot typical papill 


100 


view ¢ 


power view of papillae rl 
lower papilla and seemingly 


500 


rangen t on the 


Hematoxy! 1 eosi 


VU ecissner Idler 


arrangement of the tumor epithelium on 


stalks 


2). The tumor epithelium was 


fibrovascular projecting into cystic 


spaces |{ I: ig 


typically arranged in single-cell layers, but 


at tangentially cut papillary tips it sometimes 
Che 


typical cells were cuboidal to low columnar 


appeared heaped up or multilayered 


and had homogeneous or slightly vacuolated 
amphophilic cytoplasm surrounding vesic 
ular, centrally placed, round to ovoid nuclei 
(Fig. 3) 

Variations in tumor pattern, itemized in 


lable }, 


simplex type, scattered irregularly through 


occurred as foci of follicular and/or 


Tanie | rriation in Tumor Pattern 


Pure papillary 
Focal follicular 


Focal follicular & 


Focal simplex 


calcification. Hematoxylin 


Note al tromal 


] 
hun 


the 


is in typical single-layer ar 
tangentially cut, papilla 


e tumor epithe 


heaped up or upper, 





out the predominantly papillary mass (lig 
4). Lymph nodal metastases, when present, 
usually showed similar and corresponding 
variation in pattern of tumor growth. Fol 


licular foci occasionally showed some degree 


of nuclear pleomorphism and some mitoses, 


but no increase in frequency of tumor inva 


sion and metastasis per se was found in 


focally follicular, as contrasted with purely 


papillary, primary tumors. Simplex foci, 


here defined as tumor growth in solid cell 


clusters without formation of follicles or 


papillae, showed less cytologic pleomorphism 


than follicular foci and also no distinct 


correlation with tumor InVasiveness 


Variations in tumor cytology were (a) 


clear cells (Fig. 5), similar to the large cleat 


cells of parathyroid tissue and hyper 


nephroid tumors, which occurred in 64 cases 


(28% ) as small nests and as single cells 


admixed with more typical papillary epithe 
lium, and (/) Hurthle cells ( Fig. 6), found 
in 18 cases (8%) and usually associated 
with foci of predominantly follicular rathe1 


trons im growtl patter 


cells, in nest (lower left 


toxvlin and eosin: & 200 
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than papillary pattern. Cilia-like structures 


appeared along the papillary tumor epithe 


lium in seven cases (3% ). 


These structures 
differed from true cilia, however, in being 
irregularly scattered rather than brush-like 
and of variable rather than uniform thick 
ness 


Aside 


pattern and cell type, none of which showed 


from these variations m= tumor 


invasiveness, 
Mitoses 


did not 


definite relation to tumor 


pleomorphism was minimal were 


very rare and even when present 


appear to correlate with tumor invasiveness 


Squamous metaplasia was found in 101 


of the 226 cases (459%), appearing as 


Tarte 2 Specta 


Structures and Characteristics 


Squamous metaplasia 
Psammoma bodies 
Clear-cell toc 
Stromal calcification 


Hiirthle-cell foc 


simple x Hematoxylin and 


columnar tumor epitheliun 
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focus in papillary tumor 


metaplasia of tum 


whorled nests of keratinized epithelium 


duplicating the prickle-cell and squamous 


layers of the epidermis but only rarely 


forming distinct epithelial pearls (Fig. 7) 


This change had no distinct topographical 


] 


or quantitative relation to stromal inflam 


mation 


Psammoma Greek psammos, sand) 


defined as laminated calcific 


(390% ) 


bodies (big. 8) 


spherules, were also frequent and 


usually concurrent with, but not topo 


graphically related to, squamous metaplasia 
The origin of these psammoma bodies ap 
peared to be from hyalinized stroma of the 
papillae in both and 


primary metastatic 


tumor. The spherules were also found in 
dependent of tumor, lying free im the inter 
spaces of both marginal and distant thyroid 
tissue, suggesting that they may have under 
gone intraglandular dissemination 
Stromal changes were numerous. Hya 


linizing fibrosis was almost universal but 


varied in degree without constant relation 


to tumor invasiveness or frequency of 


psammoma-body formation. Slight intersti 


VU cissner Idler 


Hematoxylin and eosin; 


wr epithelium. Hematoxylin and eosin: * 200 


tial hemorrhage, a common finding, was 


often accompanied by lipophages and oc 


casionally also by cholesterol clefts and 


foreign-body giant cells. Stromal calcifica 
(lig. 2 


tion <) Was 
(18) and appeared similar to the calerum 


present in 40° cases 
deposition sometimes found within desmo 
plastic slow-growing tumors of other tissues 
Common changes in the fibrovascular stalks 
of the papillae were infiltration of round 
cells, especially plasmocytes, and interstitial 
edema. Interstitial lymphocytic infiltration 
was frequent and sometimes formed discrete 
lymphoid follicles. loci of necrosis, 
ischemic in type, were found in nine cases 


(40 ) 


hemorrhage, none of these cellular inflam 


As with the interstitial fibrosis and 


matory changes showed distinct correlation 


with tumor invasiveness 


was of four 


Warren 


lymphatic, venous, capsulostromal, and in 


Invasion.—Invasion types, 


as defined by and Feldman ® 


traglandular. One or more types was 


present in each case (Table 3). By far the 
commonest route was lymphatic, present in 
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Fig. & Psammoma bodies in 


thyroid 


cores ot 
Hematoxylin and eosin: 100 

Fig. 9 
lymphatic space and 


Tumor is 
i body 


Lymphatic invasion 


contaims a psammon 


170 cases (75%) and usually diffusely dis 
tributed throughout many rather than con 


fined to one or a few tumor fields ( Fig. 9) 
»? 


Venous invasion (Fig. 10) was found in 


cases (10%) and was often but not in 


variably accompanied by lymphatic inva 


sion (17 cases, 77% ). Infiltration of tumor 
through capsular or pseudocapsular stroma 
occurred in 28% of the total cases 
Multiple microscopic foci of tumor within 
11), forming discrete and 
the 
(206 ) 


the gland (Fig 


nests, independent of main 
46 


These foci were frequently accompanied by 
{ 36 7RO% } 


separate 


tumor, were found in cases 


lymphatic invasion cases, and 


TABLE 3 Invasion 


Type of 


Lymphatic 
Venous 
Capsulostromal 


Intraglandular 


focally 


papillae and isolated in otherwise normal adjacent 


endothelial lining of the 


125 


adherent to the 


Hen atoxylu and eosin: 


topographically were closely related to intra 


lymphatic tumor emboli 


Hence they were 


considered probably to be intraglandular 


metastases rather than multicentric primary 


tumors 


\ radical neck dissection Was performed 


in 62 of the cases (26%). Of these, 47 


(76% ) showed metastatic tumor in one or 


more lymph nodes 


Co-xisting Lesions.—Commonest of the 


coexisting lesions (Table 4) was adenoma 


tous goiter, found in 62 (28%) of the 


specimens. Chronic thyroiditis, nonspecific 


Paste 4.—Coesxristing Lesions 


None 

Adenomatous goiter 
Chronic thyroiditis 
Primary hyperplasia 


Separate adenoma 
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Blood vessel invasion 


Intraglandular metastasis 


in type, was present in 21 cases (9%), and 
primary hyperplasia was found in another 
12 (5%). Of the 12 carcinomas coexisting 
with primary hyperplasia, 7 (58%) were 
clinically unsuspected microscopic findings 
in glands removed solely for treatment of 
Graves’ disease 

A separate adenoma, topographically inde 
carcinoma, oc 


pendent of the papillary 


curred in nine cases (4% ). The criteria for 
the diagnosis of adenoma were as defined 
by Warren and Meissner.® In type, seven 
Hurthle-cell 


None had papillary foci, and none showed 


were follicular and two were 


invasion 
Comment 


The 


ability of papillary carcinomas is apparent. 


Structure great structural vari 


Variation occurs not only in cell type, to 


include such forms as clear cells and 


Hiirthle cells, but also in degree of papillary 
formation. The decision to include in this 
series only those carcinomas having at least 
50% 


arbitrary, for there are numerous thyroid 


structure is, of course, 


’ 


papillary 


V cissner—Adler 


Verhoeft's Stain; xX 125 
] 


Hematoxylin and eosin; 100 

foci to a 
fact, all de 
grees of transition between pure papillary 


cancers that contain papillary 


smaller degree. There are, in 
carcinoma and other types of thyroid cancer. 

The incidence of squamous metaplasia in 
this series is higher than the 16% found 
by Klinck and Menk.’ These authors have 
shown that squamous metaplasia in thyroid 
epithelium is not specific to neoplasms, since 
it may also be found in chronic thyroiditis 
and adenomatous goiter. This metaplasia 
did not parallel the degree of stromal in 
fammation but rather appeared to be a 


special growth characteristic of the in 


dividual tumor 


The psammoma bodies frequently present 
in these tumors appear to arise in the fibrous 
cores of the papillae and are comparable 


to similar structures found in_ papillary 


T 


tumors of other tissues, e. g., ovary. Iso 


lated psammoma bodies independent of 


tumor are presumptive evidence of papillary 


tumor somewhere in the vicinity. 


Origin.—A_ reasonable supposition _ re 
garding pathogenesis is that papillary car 


cinoma is somehow related to hyperplasia. 
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Certainly the tumor papillae, and even the 


individual tumor cells, show considerable 


structural resemblance to the papillary hy 
perplastic processes found in the primary 
disease and the 


hyperplasia of Graves’ 


secondary hyperplasia of adenomatous 
Also, the 
tumor clear-cell foci suggests pituitary 
effect 


operative in hyperplasia.* 


frequent occurrence of 
PSH 


may be 


goiter 


analogous to that which 


Although papuil 


lary tumors appear to be functionally in 


active, failing to form colloid in typically 
papillary foci or to show significant affinity 


for radioiodine,” this fact does not in itself 


necessarily exclude basic relationship be 


tween them and hyperplasia. The 5% in 


cidence of coexisting primary hyperplasia 


is of considerable interest. This figure may 


be weighted, however, inasmuch as glands 


removed for treatment of Graves’ disease 


mav also contain small occult carcinomas 


Indeed, of the 12 cases of papillary cat 


cinoma found coexisting with primary 


hyperplasia, 7 (58 ) were clinically unsus 
pected 


It is difficult to establish any distinct r 


lationship of these tumors to pre- or co 


existing adenomas. A separate adenoma was 


found in 9 of the 226 cases im this series, 


but none of these appeared more than com 


cidental. I'rom studies reported elsewhere," 


it seems unlikely that papillary carcinomas 
arise from preexisting adenomas 


Other coexisting lesions, namely, ade 


nomatous goiter and chronic thyroiditis, did 


not occur with a frequency that could be 


considered more than coincidental 


There is no definite evidence that these 


tumors arise from remnants of the thyro 


glossal duct or other primitive epithelium 


Thyroglossal duct epithelium may include 


stratifed squamous and ciliated types. It 


is true that papillary carcinomas often 


undergo squamous metaplasia, but in no 


case were true cilia demonstrated. Further 
more, the tumors showed no predilection for 
localizing within the midline pyramidal lobe 


or isthmic regions of the gland, and al 
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though cases have been reported in_ the 
prepubertal age group, some even in in 
fancy,'! the great majority of these tumors 


are first clinically recognized in adult life 


definition no 


Potential.— By 


papillary tumor was considered malignant 


Growth 


unless invasion was found. This criterion 


Is necessary because the relative lack of 


pleomorphism and the almost complete ab 


sence of mitoses in these tumors preclude 


estimation of malignant potential from 


cytology alone. lurthermore, both primary 


hyperplasia and adenomatous goiter may 
show papillary processes and thus be mis 


taken 


vaston 1s applied 


for cancer unless the criterion of in 


lt is not surprising that such slow-grow 
ing tumors as papillary carcinomas are often 
regarded and treated in a manner somewhat 
different from other faster-growing cancers 
these 
lac k 


Papillary carocin 


However, the slow growth rate of 


tumors should not be confused with 


of malignant potential 
omas are true cancers, as ts amply evidenced 
ability 


by thei to invade and metastasize 


Summary 


he pathology of 226 surgical cases ot 


papillary thyroid carcinoma was studied 
WW ith regard to occurrence, ZTOss appearance 


microscopic Variations, and growth potential 


" 


195 Pilgrim Road 


(15) 
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Microscopic Criteria of Carcinoma and Sarcoma 


M. C. WHEELOCK, M.D., Chicago 


Introduction 


In training medical students (and dental 


students), as well as interns and residents 


some difficulty is encountered in_ giving 


determina 
Actually 


concern than the for 


them a basis for the microscopx 


tion of carcinoma and sarcoma 


the latter causes more 


mer l'requently, so much emphasis has 


been placed upon mitotic figures that other 
ind significant facturs are either ignored, 
forgotten, or possibly never even learned 
The importance of this concept will prevatl 
as long as the determination of malignancy 


rests on this diagnostic method 


There is no intention to ignore the use 


of gross changes, biologic behavior, roent 


genograms, and clinical data. These have 


been stressed in many papers, texts, and 


presentations. Their value is readily a 
cepted. However, in the majority of in 
stances final determination hinges on_ the 
cellular and organoid alterations. 


Primarily, an adequate knowledge of nor 
mal histology must be presumed. Such a 


basis can be the only foundation for the 


interpretation of the abnormal. If neces 
sary, a review is requested and made help 
ful by having or using a set of normals 
By reading the “Lectures on Tumor Pa 
thology” ' given to the Cornell students by 
Dr. James Ewing, it was possible to formu 
following chart utilized in 


This 


“Neoplastic Diseases” * 


late the carci 


nomas was also elaborated in _ his 


text on and by the 


perusal of other books and journals 


Microscopic Criteria 


1. Overgrowth 


Varied blood supply 


, 
3. Break in basement membrane 
4 


Invasion of tissue, blood vessels, lymphatics 
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lone or in any combination, and of adjacent struc 
tures and/or organs 
5 Desmoplasia 
6. Metastasis 
Heterotopia 


8. Loss of polarity and pseudostratification 
9%. Atypical cells 


I yper« | romatism : 


varied size, form, staining 


mitoses (atypreal, asymmetrical 


polypolar )}; tumor giant cells 
This is typed by the secretary and given 


Also, 


use 1s made in conversation with clinicians 


to all new members in the department 


on certain cases, Actually, it is used as a 


reference at all times when slides are being 
studied digression: One 


Aga'n a slight 


assumes that the choice of tissue sections 
for study requires sufficient knowledge of 
gross neoplasms so as to select the proper 
abnormal regions for histologic interpreta 
tion 


Che 


established 


definition of terms has been well 


Some variation in semantics 


may be permitted. Most of the words and 


phrases are clear. In explaining their 


meanings certain latitude is permitted 
Overgrowth is considered to be a degree 
Varied blood 


supply is thought of as an increase in vas 


beyond ordinary hyperplasia 


cularization in an attempt to accompany 


A break in 


well as 


progression of the carcinoma 


the basement membrane as local 


invasiveness are thought to be self-explan 


atory. Extension into supporting tissues by 


abnormal epithelial cells or glands should be 
readily recognized, also penetration of the 


walls of blood vessels and lymphatics 


Presence in adjacent organs of the neo 
plastic cells by contiguity requires no com 


ment—it does presume a knowledge of 


gross anatomy. Desmoplasia is interpreted 


as fibrous proliferation in an attempt to 


obstruct growth. Emphasis is placed on 


recognizing groups of abnormal cells 


Metastasis and heterotopia are also defined 
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in specific terms. Examples of polarity loss 


and os pseudostratification are shown, and 


then a crude drawing is made to explain 


them 


Because so much stress has been laid on 


the concept of increased mitotic activity, 


the varied forms are demonstrated so that 


in turn the student or the resident can re 


ognize them 


cal 


staining of 


Symmetrical and asymmetri 
Varied 


also 


mitoses are charted size and 


impressed 
cells 


emphasized 


the cells are 


upon them. Finally, the tumor giant 


seen in 
When 


taught 


many carcinomas are 


the criteria have been 


Various 


and an attempt made to apply as 
as is possible in each case, then it 1s 


all 


present in 


many 


feasible to indicate that manifestations 


of activity are not each care) 
noma 

With the passage of time, more and more 
reliance is placed on all aspects rather than 
on one individual characteristic. On_ the 
other hand. it is rather obvious that if in 
vasion is readily recognized, many of the 
other factors are simply additive 
1942, in 
Shields Warren, a paper on “Leiomyo 


the | 


the Annals of 


In December, association with 
Lr 
terus”’ 


sarcoma of was published in 


As the 
it the following changes were utilized in 
the of 


Surger\ basis for 


determining existence malignancy 


for connective tissue tumors 


Microscopic Criteria of Sarcoma 


Increased cellularity 
Increased mitoses 
Pleomorphism 
Bizarre nuclear forms 

H yperchromatisn 

ytoplasmic 


Increased nuclear-« ratio 


Loss of pattern or are hitecture 
Anaplasia (dediflerentiation ) 
Multinucleatior 

10. Tumor giant cells 

ll Invasion 

12. Lack of capsule 
13. Gradation from normal 
14. Retained fibrous stroma 
15. Vascular slits 


16. Degenerative changes (hemorrhage, cysts, 
ivalin, necrosis ) 
17. Blood vessel invasion 


18. Metastases 


Wheelock 


IN}? SARCOMA 


\lthough most of these are self-explana 
tory and some of them have already been 
delineated in the section 


on carcinoma, 


others 


lhe 


nized by 


require more comment 


increased cellularity is well 


. ou 
recog 


comparing with a normal segment 


of the tissue \lso, there is usually less 


intercellular substance and usually minimal 


collagen. Mitoses and pleomorphism have 


been described. Bizarre nuclear forms are 


very marked in sarcomas. Increased nu 


clear-cytoplasmic ratio is a most 


helpful 


finding and, of course, a part of the cellu 


larity. Tumor giant cells become noticeable 


In association with this increased ratio 


as 


well as with the bizarre nuclear forms 


()ften miultinucleation is an 


lack of 


often 


outstanding 


aspect. Invasion and capsule are 


sometimes synonyms each is pres 


the 
the 


ent, and occasionally, either one or 


When 
the 


other retained, gradation of 


normal to abnormal is also. stressed 


Vascular slits are recognized much more 


frequently in sarcoma than in carcinoma 


They consist of a thin endothelial layer 


with a fine stroma. Actual degenerative 


changes usually occur more often in those 


instances where the growth is so rapid as 


to interfere with the blood supply. Some 


times the vascular slits and the veins are 
invaded by tumor cells. There may even be 
thrombi 


true with complete occlusion of 


the lumen. These in turn contribute to the 


degenerative changes already mentioned. 
Of course the presence of true metastasis 
in other tissues or organs is sufficient in 
most instances to affirm the diagnosis. 

As one might anticipate, not all sarcomas 
have each one of the changes mentioned in 
the above list. Nonetheless, the greater the 
number present, the more certain is one in 
his interpretation, 

At least, reliance is not placed upon one 
single factor, such as is the tendency in 
some quarters, 

There are obviously some groups of ma 
lignant neoplasms not necessarily covered 
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by either of these tables, namely, the glio Summary 

mas and the lymphomas. Nonetheless, with [wo tables, with some explanatory com 
minor variations and with slight changes ments. have been suggested for use in the 
the criteria may still easily apply. Invasion diagnosis of carcinoma and of sarcoma 

of the capsule is important in lymphomas Passavant Memorial Hospital, 303 E. Superior 
and multinucleation, and tumor giant cells t. (11) 

ire common in the more advanced gliomas REFERENCES 


Degenerative changes and blood vessel 


alterations are frequent in the gliomas 


: . Neoplastu hseases, Phliladelp 
Hence, by the use of many of thes a ic Disea Philadelphia, 
: Company 1928 
criteria, it 1s possible to be more certain ' , + 

K, . 1 \\ irret + 


ind Lewr 0 


of the accuracy of diagnosis of malignancy rcoma of Uteru , ire. 116:882 1942 





The Production of Osteogenic Sarcomas in Rats with 


Radioactive Caleium 


LeROY L. BARNES, Ph.D.; GLADYS SPERLING, M.S.; C. M. McCAY, Ph.D., and 


CLARK E. BROWN, M.D., Philadeiphia 


These experiments were started in 1951] 
In an attempt to determine how much Ca*® 
might be administered to a rat without pro 


ducing injury \ preliminary report on 


some of the results was presented by Barnes 
and Me¢ ay 1 in 1954 
Martland and Humphries,” in 1929, dis 


covered that the continuing effects of 


ionization radiations on bone produced 


osteogenic sarcomas after a considerable 


het 


mans were soon corroborated by 


latent period observations on hu 


experi 


ments on animals ** and by detailed clinical 


reports including the notation of carcinomas 


of the nasal sinuses as well as sarcomas in 


bone.” 


The effects of radioactive isotopes of a 


number of the elements which concentrate 


in osseous tissue have been studied Lisco, 


Finkel, and Brues® reported the occurrence 
of late osteogenic sarcomas in experimental 
animals following the injection of pluto 
nium and the radioactive fission products 


(Y*), 


three are 


strontium (Sr®® and Sr®), 
LP Dhe 
pure B-emuitters 


a, Bu 


- - op , wi : 
>, J and £¢ days, 


yttrium 


and ceriun latter 


with maximum energies of 
half-lives of 


Che 


bone 1s 


and 0.35 mev and 
respectively 
elements in 


Heller in 


the experimental 


locahzation of these 


discussed in detail by Bloom's 


SOTL 14 of 


publication ot 


data from the Manhattan project.’ Kolet 


sky, Bonte, and lreidell,® in 1950, re] orted 


Submitted for pul tion Tune 11, 1958 

Laboratory of Animal Nutrition, 
versity, New York ds the 
Philadelphia 


The work performed at 


Uni 
Hospital, 


Cornell 


ankenau 


Cornell was supported 
United Public 
National Heart In 


research grant of the 
No. H 
Bethesda, M« 


by a 
Healt! 


stitute, 


states 


Service, 1658, 


the production of osteogenic sarcomas in 
various bones and carcinomas of the nasal 
sinuses of rats by the administration of P*. 
A long list of radioactive isotopes deposited 
in the mineral lattice and osteoid matrix 
of bone and in cartilage is now available in 
McLean 


he carcinogenic effects of radioactive cal 
the 


an excellent book by and Urist.® 


clum on bones of mice were demon 


strated by Anderson, Zander, and Kuzma, 
in 1956." They also quoted similar effects 
in rats 

Ca™ is a pure 
0.254 mev 
In these experiments the Oak Ridge 
No. Ca*® P-2 


has a 


B-emitter, 
half-life about 


maximum 


energy and 163 
day s 
preparation Cat was used 


This 


specific activity that it could be given orally 


preparation sufficiently high 


without exceeding the rats’ daily calcium 


11-13 vitro |* 
rt) 


requirement. In vivo and in 


experiments with the uptake of Ca* have 


shown that calcium is promptly and quan 


titatively taken up by growing bone and 


that a sizable amount of it is rapidly con 


verted to a_ relatively nonexchangeable 


state by crystallization and recrystallization 


processes.” A similar avidity of ossifying 


cartilage for Ca has been demonstrated 


by radioautographic in vitro techniques." 
Because of the increasing use of Ca* in 
tracer studies and in our own case because 
of our interest in long-time studies of cal 
cium metabolism, it was thought desirable 
the the 


B-particles from Ca*® might injure the ani 


to study dosage level at which 


mal in some way 


Methods 


Che white rats used in these experiments were 


from the Cornell rat colony, which originated in 
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Incidenc: 


Av. Total Dose 


Group ¢ Rats, Ne Gim. of Rat, 
0.49 


Oo.89 


* Not included in the above 
+t Groups I, II, IV 


and V were male rats; Groups III and VI 


All doses started when rat was 30 days of age 


some 30 vears rats were 


the Yale 


placed u 


he 


cages at weaning 


colony ago 


individual time and 


drinking tubes 
At 27 


groups 


were given 10% sugar solution in 


in addition to our stock dhet davs of age 


into ( Table ) and 


stock 


calc1tum 


they were divided 


changed from the diet to one which was 


continued 
intake 


when 


barely adequate i They were 
on this diet throughout the period of Ca“ 
the last dose ot Cz 


stock 


mixing it 


and tor 48 hours after 


chet > Ca* 
the 10% 


30 davs 


they were returned to our 


was administered by with 


sugar solution. The doses were started at 


of age in all groups 


uxhcated in the Table 


IV, and \ 


received Ca“ at 48-hour 


dosage schedule 


ats im (rroups | (our frst 


experiment ) intervals 


| 


dosage period. In Groups III and 


throughout the 
V1 (our 


was imerrupted because of 


second experiment) the dosage schedule 


the illness of one of 


us These rats received the first four doses at 


weekly intervals and, after skipping four weeks, 


received the remaini two doses at weekly inter 
. 1 
‘Als 


Blood cell 


intervals on all 


taken at about month! 


Groups I, Il, IV, and V, 


starting at or . | ml of the dosage period 


counts 


period of about six months 


200 days 


und contimuing 


For 


dose a 


ifter the last 


rhe 


were the same for 


a period of nearl 


ll rats appeared to be normal yrowtl 


curves tor rats of me Sex 


ot Ca™ as tor 


No 


between the highest 


i group on hig the group 


on the lowest level significant differences in 


blood = cell 


level 


counts level and 


lowest group could be demonstrated. This 


might be surprising in view of the well-known 


effects on the blood picture produced by B-particles 


from P unl Sr”, but one may recall that the 


one-sixtl 
and Sr” 


B-particles from Ca“ have only about 


the maximum energy of the ones from P* 
The first abnormalities to appear 


VI, 


growing bone tumor or a paralysis of the hindlegs 


were among 


Groups V and either a rapidly 


the rats w 


The par ilvsis of the hindlegs was found later to 


be accompanied by the development of a tumor 
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Rats with 1 or 
More 
wi No 


Rats with 
Metastases, No 


Mean Span 
of Life, Days 


sarcomas, 


is one osteoma and one rhabdomyosarcoma 


andi female rats 


where on the spinal column. Three obviously 
killed. The 


uppearance of a tumor or paralysis 


oribund animals were time imiterva 


hetween the first 


hindlegs and death was approximately 20 


At death the x-rayed in two different 
positions, were autopsied, and were either 


10% 


rats were 
frozen ot 
formalin orn 


ne Carcass 


eviscerated and placed in 
a more detailed study of t 


taken 
10% 


months later 


was made and sections were from the 


unl bones which were fixed in formalin. ti 


uumals with no x-ray-evident bone tumors routine 


sections were taken of the ends of the femur 


humerus and of the vertebrae. Thin sections were 


lecalcified by 


continuous rotation in 5% nitric acid, 


24 hours All 


eosin 


usually for sections were stamed 


with hematoxylin and ifter parafiin imbed 


Bone tumors were stained u 


Rinehart Abul Haj colloidal 
stain (P. A. S.), 


ling vddition wit 


j 


iron, peniodic acid 


blue, and P. A 


1 ucopoly Sacch 


Schiff alciat 


blue stains for rides 


von Kossa 


| 
ucian 


silver mitrate stan or caleim 


Results 


and II 


im (sroup 


None of the rats of Groups | 


developed bone tumors. One rat 


IIL and one in Group 1\ developed bone 
12 of the 


In Group 


sarcomas 13 rats 
had 
\ i 16 of 


tumors (1 


In Group V, 
more bone tumors 
20 had 
was classified as osteoma, 
the 


had paral 


one oT 


the rats one or more 


bn me 


15, as osteogenic sarcoma). Two of 


four rats which showed no tumor 


ysis of the hindlegs, which was character 


istic of all of those rats with a tumor on 


the spine 


Forty-three osteogenic sarcomas were 


found in 29 animals. Thirty were located 


in long bones (humerus, tibia, fibula, and 


femur): seven, in vertebrae; three, in rib 
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PRODUCTION OF OSTLEOGENIC SARCOMAS 


Fig. 1 


ment ot 


(Rat 37) 


sarcomas 


X-rays showing rapid develop 
1 


] 


it distal end of femur and prox 


imal end of tibia at days indicated 


shoulde1 
of 


wr sternum, and three, 1m the area 


(scapula, clavicle, or head humerus ) 


Tumors of long bones, when small enough 


for a site of origin to be discerned, usually 


occurred near the ends of the shaft, sug 


gesting an origin at or near the position of 
during the dosage pe 


of 


the epiphyseal line 


riod. ligure 1 shows a series three 


x-ray pictures of the hindleg of a rat from 


Group \ These pictures were taken at 


ages 302. 309. and 337 days, respectively, 
and show the rapid growth of two tumors, 
one originating a few millimeters from the 
proximal end of the tibia and the other, a 
from the distal end of the 


few millimeters 


femur. The rat was dead at age 337 days 


had 
1 had four ( Fig. 


animals multiple 


2)% 


Several primary 
2 had three; 


An additional 


tumors ; 
7 had two, and 19 had one 


animal had a spindle-celled tumor in contact 


Barnes 


with the femur which we classified as 


because of the = strap 
cells 


animals 


rhabdomy osarcoma 
( ell 
the 


and 
had 


marrow infiltrations resembling lymphoma 


appearance of some tumor 


absence of osteoid lwo 


Some animals in the high-dosage groups 


showed foci of osseous proliferation with 
without hbrosis (radia 


ind accompanying 


Most 


composed ot fairly well-ditferentiated oss« 


tion osteitis) of these foci were 


ous trabeculae appearing irregularly along 


preexisting spicules of bone. One nodule 


was composed of mature bone trabeculae 


ind was classified as an osteoma 


lhe highest incidence of sarcoma appears 
in Group V, but the results 
Vi 
cisely because of the four-week interruption 
VI. When 


(785uc. in 29 


30 


Groups \ 


in 


ind should not be compared too pre 


dosage of one 
Group \ 
1\ 


SOMMCW he Te 


during Group 


compares doses 


with Group (360pe. In doses), it 


ippears that between the two 


dosage levels lies the point at which enough 


showing 
| 


end ot 
tibia 


uur sarcomas sternun 


end of femur, 


umerus, 
upper 


Ld 


upp T 


lower el of 





isotope 1s absorbed and deposited to pro 


duce sufficient @-emanation for consistent 


tumor production, not only at one but at 


many sites 


Gross Findings.—The tumors appeared 


as nodular swellings which when small and 


in long bones were found a few millimeters 


from the end of the diaphysis. When large, 


these surrounded the entire bone, bulging 


into adjacent structures. Some appeared to 


grow across joints into contiguous bones 


making the point of origin difficult to ascer 


tain, although two primary tumors may 


have fused to produce this effect 
of the 


The edges 


tumors were pseudoencapsulated 


Usually the outer portions of the multinod 
ular masses were soft, fleshy, hemorrhagic, 
and in places necrotic, while the 


frankly 


( nly rarely was ossification entirely 


centers 


were either osseous or at least 


gritty 


absent grossly [he metastatic lesions in 


the lungs could usually be identified grossly 


Some were granular, suggesting early cal 


cium deposition Phe internal viscera other 


wise appeared normal 


Vicroscopic Examination « tumors 


exhibited much the same variation in pat 


tern as is seen in human osteogenic sar 


comas. All of the tumors except one showed 
chondroid 


amounts of osteoid or 


Most oft the 


variable 


matrix tumors were richly 


1 M {RCOHIVES OF PATHOLOG) 


cellular and highly invasive at their edges 


but contained mature osteoid elements cen 


trally. The latter, often appearing as well 


differentiated osseous spicules, were laid 


down in juxtaposition to endosteum = or 


periosteum of residual fragments of bone 
‘igure 3 shows such osseous trabeculae 
attached to one surface of a piece of cortical 
while undifferentiated cells 


bone, tumor 


growing along the other surface invade 


voluntary muscle 


In general, the tumor cells were pleomor 
phic, varying from polygonal to triangular 
to fusiform. Nuclei were large, round, or 
oval and actively mitotic. A few tumors 
were very anaplastic ; yet osteoid spicules 
could be found in nearly all of them. In 
some tumors, cartilage was seen initially as 
the abundant intercellular component. In 
the hematoxlyin-and-eosin-stained sections 
foci of basophilia were seen frequently in 
In the 


more central and presumably older parts of 


this cartilagenous matrix (Fig. 4). 


the tumor these fused with laminated spi 
ules and were interpreted as osteoid. These 
intracartilaginous strands took on a deep 
magenta color with periodic acid-Schiff 
stain and various depths of blue with alcian 
blue-periodic acid-Schiff 


( Abul- Haj), 


aldehyde-producing 


and colloidal-iron 


stain suggesting the early ap 


pearance of an poly 


Fig. 3 


bone wit! 


Spicule ot ma 
ture osteoid 
trabeculae attached to one 
surface and undifferenti 
ated tumor cells growing 
against the other The 


latter imvade voluntary 


muscle. Hematoxylin and 


eosin stam 
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saccharide in the ground substance as well 


as cartilage-like acid mucopolysaccharide. 


Rare tumors remained predominantly car 
tilagenous, and in these only a few ques 
tionable osteoid spicules were noted (lig. 5) 

In many other tumors, clear cells resem 
bling cartilage were not seen in the ground 


substance and strands of periodic acid 


Schiff-positive interstitial substance ap 


peared to develop directly adjacent to tumor 


cells. These also exhibited some metachro 


Fig. 5.—Neoplastic car 
tilage resembling foci of 
embryonic chondrification 
Hematoxylin and eosin 


stain 


Barnes et al 


OSTELOGENIC SARCOMA 


Fig. 4 


developing in 


Basophilic foc 
cartilagu 

Elsewhere 
frank 


seen in 


ous matrix 


these fuse with 


osteoid strands 
Figure 3. Hematoxylin 


and eosin stain 


masia, suggesting the presence of acid 
mucopolysaccharides. They fused in places 
with laminated osteoid spicules and thence 
with strands of immature bone, as seen in 
igure 3. Thus the genesis of bone in the 
entire group may take place in two ways: 
substance or 


either directly from ground 


indirectly by intracartilaginous ossification 


as seen in the embryonic epiphyses. Foci 


of calcification appeared early in both the 


osteoid and osteochondroid foci, as seen in 


the von Kossa stains 





Metastatic foci from. these osteogen 


sarcomas resembled — the 


Whil 


tirely cellular 


primary tumors 


closely early metastases were en 


those of any size contained 
clearly discernibl osteoid or osteochondroid 
Black 


with von Kossa stain in early metastases, 


strands calclum granules were seen 
indicating the rather prompt creation of a 


matrix suitable for calcification (lig. 6) 


Comment 


[welve of the thirteen rats in Group \ 
developed OS COPZCTIN 
Thus 


rats im 


sarcomas in 
( a 


sufmicient 


one or 


more bones given to young 


growing dosage over a 
two-month period appears to be a potent 


sarcogenic 1sotop« Involvement of the 


upper end of the 
of the f 


humerus, the lower end 


femur, and the upper end of the 


tibia as frequent primary tumor sites ts 


consistent with the fact that these parts of 
the skeleton grow rapidly during this phase 
The 


cartilaginous 


of life and take up Ca* most avidly 
presence of a_ well-defined 
and of 


suggests 


matrix in a few of the tumors 


chondroid components in others 


that Ca*® was taken up by calcifying car 


tilage. This might be expected, since these 
rats received the isotope during a period 


of active calcification of cartilage and since 


534 


IROHIVES OF PATHOLOG) 


6 Two lung 


metastases. In the upper 
right a small entirely cel 
lular tumor embolus and 
in the lower left an older 
osteochondroid metastasis 
with central calcification 


Vor Kossa Stal 


the athnity of Ca’ for cartilage ho~ been 


demonstrated."* Koletsky * reported seeing 


Ls} 


cartilage in some of his P** rat tumors, and 


Anderson et al. mention it as occurring m 


mouse tumors arising from Ca* 

\s might be anticipated, the rats with 
multiple osteogenic sarcomas developed me 
those with 


tastases more frequently than 


10 animals with 


had 
single 


single tumors. All more 


than one primary tumor metastases, 


while only 9 of 19 with 


this 


primary 


tumors showed change The lungs 


were involved in al! animals showing me 
tastases. Other sites with secondary tumors 
were lymph nodes, three; heart, one; peri 


cardium, one; adrenal, one, and kidney, one 


Summary 


Ca is a potent agent for the production 


of osteogenic sarcomas in the skeleton of 


the rat, provided it is given in sufficient 


repeated doses during the period of rapid 
growth of the skeleton 
from 


In Group V_ the interval 


the last 


average 
dose of Ca® until the appearance 
of a tumor or paralysis of the hind legs was 
207 days. 


pearance of tumor or paralysis until death 


The average time from the ap 


was 21 days. 
In Group VI the average interval from 


the last dose until appearance of a tumor 
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or paralysis was and the average 


interval fron appearance 


tumor or 1% al 1 until death was 26 dl 


avs 


Ten of the nine tumor-bearing 


rats had multipl 
Metastasis 
ot 


osteogenk 
red all 

nineteen | 

had 


of 


sarceo 


mas thes« 


Nine 
single 
| he 


cartilage 


mM ot 


the ret ats with 


osteogenic s mas metastases 


consideral ount neoplasti 


In some these tumors suggests 


that Ca*® is de 


DOs (om 


caleifving cartilage 


as well as in bon 


lotal doses of am ot 


1 pa 


produce 


than per gi 
osteogen 


sarcoma 


Ca**, as used here, produced no effect 


blood cell 


the ensuing six 


on the counts of the rats during 


nonths 
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A Complex of Glioblastoma and Spindle-Cell Sarcoma 


with Pulmonary Metastasis 


THEODORE EHRENREICH, M.D., and JOHN F. DEVLIN, M.D., Bronx, N. Y. 


lhe association in the brain of malignant 


glioma and primary sarcoma of nontera 


tomatous nature has long been known al 
his 


may have been due in part to the pleomor 


though few cases have been recorded 


phic appearance of glioblastomas, which 


lends itself to misinterpretation. However, 
since the glial origin of these tumors has 
been unequivocally established and the mor 
phology and staining reactions of malignant 
connective tissue tumors have become well 
known, it is possible to distinguish with 
reasonable certainty between the two groups 
of neoplasms, even when present in a single 
tumor. This is particularly valid in the cen 
tral nervous system, where the only meso 
thelial elements present are the meninges, 
blood vessels, and microglia 


16.17 have re 


Feigin and his colleagues 
ported 16 cases of coexistent glioblastoma 
and sarcoma. Of these, 6 had been recog 
433 consecutive brain 
Che 
other 10 cases were from other sources (1 
The 


and 


nized in a series of 


> 


tumors of which 313 were gliomas 


of these is the subject of this report ) 


tumors were all located in the cortex 


subcortical white matter and in some in 


All the 
tumors had the gross appearance of glio 


stances involved the leptomeninges 


blastoma, and in some instances there were 


also firm white foci which proved to be 


predominantly sarcomatous. Histologically 


there was an admixture of two malignant 


tumors, a glioblastoma and a spindle-cell 


sarcoma. Rubinstein ** described five cases, 
of which three were meningeal sarcomas 
associated with contiguous malignant glio 
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mas. There are also a number of isolated case 


reports of similar tumors.*:?:1520.22,25,24,50,38 


The nature and origin of these complex tu 


mors has aroused considerable speculation 


Feigin?®'* and, in tsolated instances, 


Bailey * and Rubinstein * believe that the 


glioma antedated the sarcoma and that the 
latter 


arose im hyperplastic blood vessels 


Vascular hyperplasia occurs in varying de 
grees in many cerebral neoplasms and ts 


especially marked and characteristic im glio 


blastoma. !*:15.16,21,47,39 Three varieties of 


vascular hyperplasia have been described 


(adventitial, endothelial, and glomerular ) 


There Is, however, no specihe correlation 


between these morphologic types and the var 
ious intracranial neoplasms.'® Others ***:* 
(including Rubinstein ** in two cases) sug 


gested that the sarcoma, presumably of 


meningeal origin, came first and provoked 


a neoplastic reaction in glial tissue. An 


19,2730 


other group of observers considered 


that the two malignant components were 


independent and of different origin. They 
would be, in effect, examples of multiple 


And 


case was reported *° in which the possibility 


primary malignancies finally, one 


of a glioma giving rise to a sarcoma was 
suggested 

Whereas intracranial metastases of glio 
mas are fairly common,® distant metastases 
of these and of all brain 


tumors primary 


‘! This is usu 


tumors are exceedingly rare 
ally attributed to the absence of lymphatic 
channels in the brain, the infrequency of 
venous tumor invasion, and the possibility 
that glial tissue may not grow when trans 
ported into other tissues. That malignant 
gliomas can grow in distant sites is clearly 
case of Wolf, 


demonstrated by a Cowen, 





GLIOBLASTOM SPIND I CELI 


44 


ind) = Stewart in which a_ glioblastoma 


metastasized to the pleura and chaphragm 


through a ventriculopleural tube. Furthet 


more, Zimmerman *® has shown that ex 


perimentally induced .ghomas in mice 


continue to grow upon transplantation. In 


almost all cases of extraneural metastases a 


cramotomy was performed, and this 1s usu 


illy considered to be the inciting cause oft 


tumor transplanta \mong the docu 


nented reports the commonest are menin 


yiomas O1 meningiosarcomas ot which 


1,10,11,25,34,42 
there are 12 cases 


In the glioma 


group there are six glioblastomas,*:'0:'*.-6.4"4 


aT) 


two medulloblastomas,* and one oligo 
dendroglioma “4 In the miscellaneous group 
and 
‘a Dickson '* has 


ot glioblastoma and sat 


there 1s reported i hemangioblastoma 


two cases of pinealoma 


seen an example 


coma metastasizing to the lung 


Che case about to be reported is that of a 
recurrent glioblastoma multiforme in which 
a sarcomatous element was present \t 
1utopsy a pulmonary metastasis was seen 
This case is being recorded not only be 
great 


findings but also because it is felt that de 


cause of the rarity of the anatomical 


scription of the metastatic lesion may be of 
importance in understanding the histogenesis 
of these 


tumors 


Report of Case 


\ 44-year-old nmght unded heating engineet 
ulmitted on Oct. 21, 1955, to the Veterans’ Ad 
istration Hospital Bronx, N \ 


of pain in the mght shoulder and forearm 


There was a 


nonths bifrontal headaches 

weeks. Positiy mdings on clinical examm 
included bilateral nystagmus and papilleden 
ianopsia with amsocoria (lett 


unl left facial weaknes 


There were sensory changes, Spimal 


fluid showed pleocyt ud increased protein. The 
electroencepiialogras nd a right common carotid 
evidence of a space-occupy inp 
On Oct. 27, 
Krueger 


upparently encapsulated, 5 cn 


irteriogram showed 


lesion u 1955, 


poral lobe 


i cramotomy was rformed by Dr. E. G 


} 


und a_ well-defined, 


subcortical tumor was removed from the right 


supramarginal gyrus by finger dissection The 


frozen-section diagnosis was “glioblastoma multi 


forme,” and the final paraffin-section diagnosis was 


L:hrenretch—D er 


SARCOMA 


tous changes After a 


d about 


hoblaston 


beer i! 


severe and more 


frequent Findings at tl time were bilateral 


papilledema wit! lamin visual 
homonymous hemianopsia 

paresis. On April 3, 1956, five 
operation, roentger examinatior 
showed a round sharp lelineated 2 a 


Wa considered 
roentgenogral 
smaller 
second Nie 
examinatiol 
found to be nu 
nination of the skul 
Radiation 


1956. The 


tumor 
yvatient 
respirations, 


1comatose ? 1956, 


ipproxl 


ately one symptoms 


Gross Findings 


Suraquwal Specimen Che surgical 


specimen consisted of several irregular lobulated 


fragment whicl neasured 


9x65 cn im ; Phe 


approximately 
largest fragment 
easured 9X4> und was made up of soft 
multicolored tissue hich appeared to be enclosed 


within a firm white capsule. Other fragments were 


smaller, white to tan, and very firm. Several pieces 


of white and gray were included in the 


specime! 


lutopsy Imding fox » the 


i 


the operative site was 


umscribed density 
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Che brain weighed g The cerebral he was infiltration of most of the right temporal 
spheres were asymmetrical, owing a tumor | the ventral portion of the right parietal lobe 
} 
{ 


protruded o1 ] ral surface of the 1¢ anterior and lateral portion of the white n 


cerebral het —_ over a ‘ a measurn of the nght occipital lol The tumor exten 
proximate] C1 nteroposteriorly and cn ventrally imto the convolutional white matter of 
lorsoventral | yvri in this region had beet fusiform and lingual gyri and the right hippo 
pression by the tumor | unpal gyrus. Midline cerebral structures were 
posterior half of the right placed to the left and distorted. The rig 
inferior temporal gyri; 1 ricle was partially collapsed 
the right posterior central ary wid in some areas was very hard 
portion of the right supra variegated discolored reas, vellow-vgree1 
marginal evrus: wmygular gvrus, and the middle orange, and was speckled in places 
inferior tempor t Beyond the zone of ce vemorrhages (Fig. 2). The hard ; 
struction the i of the right cerebral cortex wert umd white or gray-white im color 
! 


! 


broadene wrresponding sulci were 1 arply demarcated. There was swelling and slight 


rowed Ther was hermation of the right cingulate ellow discoloration of the entral white matter 
gvrus beneath t falx, with corresponding in bevond the margin of tl tumor Sections 
lentation of the left cingulate gyrus. There was erebellum and brain stem were not remarkable 

he right uncus through the Roth lungs showed small focal areas of broncho 

toriun w about 1.5 em. The pneumonia. In the peripheral portion of the night 

ures «Al the m ’ l were lowe lobe there was i single mass wl ich me asured 

left The lateral surtace ot n in «chametet It was circumscribed and 


isphere showed considerable | demarcated frort the surrounding lung 


he cerebellum and lower parenchyma (Fig. 6A). On section, tt was mace 
brain stem other than the midbrau mp « firm discolored tissue hicl sembled the 

rkable. Section of the cerebrum re tu of the cerebrum 

extent of the tumor Its antero top was essenttall 
posterior is measured about 10 cm. The greatest 
ross sectional dimensions were 8X7 cm. There Microscopic Findings 
Fie 2 —_ ae eo ae ee ee Surgical Specimen Che tumor was very 
with hemorrha d necrosis , rea cellular and was made up of two strikingly 
were firm and represent the sarcoma different types of tissue Che first consisted 
of spindle or fusiform cells arranged in 
fascicles and interlacing bundles in a fairly 
uniform fashion. The second was markedly 
pleomorphic, ranging from small hyper 
chromatic cells approximately the size of 
viphocytes to enormous multinucleated 
giant cells It occurred in clusters and 
sheets and showed consid rable disarray and 

haphazard infiltration 
Che nuclei of the spindle cells were elon 
gated or oval and slender, with a fairly even 
distribution of chromatin They showed 
moderate variation in size and shape; the 
larger and more irregular forms were hy 
perchromatic, with clumping of chromatin 
Mitotic figures were present but infrequent 
The cytoplasm was eosinophilic and fibril 
lary, with indistinct outlines. Coarse eosin 
ophilic fibers were present between the cells 
and appeared to merge with the cytoplasm 


The fibers gave the staining reaction of col 


lagen (brown-red with Mallory’s phospho 
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tungstic acid-hematoxylin and blue with 


Wilder’s 


stain 28 showed a dense network of argyro 


azocarmine ** silver reticulum 
philic fibers among the cells and parallel to 


them. This tissue was considered to be a 


spindle-cell sarcoma (Figs. 5A and 5C). 
The pleomorphic tissue contained a wide 
cells. There were small hyper 
glial cells, often 


Many of the cells 


larger, polygonal, or spheroidal, with vesicu 


variety of 
chromatin occurring i 


clusters were much 
lar lobulated nuclei and prominent nucleoli 
Present in all fields were numerous bizarre 
giant cells, multinucleated and often syncy 
tial in appearance ( Figs. 3 and 5B). Mitotic 
These 


figures were moderately frequent. 


cells were embedded in a loose, fine, fibril 
lary matrix which did not give the staming 
reactions for collagen. Some of the fibers 
hbers 
Mal 
acid-hematoxylin ) 
Wil 
Areas 


lined 


gave the reactions of glial 


staining 
(red with azocarmine and blue with 
lory’s phosphotungsti 


There were no reticulum fibers with 
der’s silver reticulum stain (Fig. 5C) 
of necrosis were numerous and were 
by palisades of small, oval, elongated, hy 


cells Phis 


the adjacent brain and was considered to be 


perchromatic tissue infiltrated 
typical glioblastoma multiforme 


While 


mingling of the sarcoma and of the ghoblas 


there was generally close inter 


toma, considerable variation Was seen 


L-hrenreich—Devlin 


1ROCOMA 


throughout the tumor Thus, some areas 


were composed almost wholly of glioblas 


toma, and here the oceasional fascicles of 


sarcoma were sharply demarcated from the 


? 


former (Fig. 3). In other areas, the sat 


coma formed small tight whirlpools in_ the 
which, almost invariably, a few 
cells (| Igs 5A 


5B). In and the 


center of 


bizarre were present and 


these areas, the sarcoma 


ghioblastomas occasionally seemed to merge 


imperceptibly However, the special stains 


described above provided a sharp differen 


tiation, since the tinctorial stains for col 


lagen and the argyrophil fibers of — the 


reticulum stain (big. 5C) were never pres 
ent in the ghoblastoma foci, however minute 
Autopsy rhe brain was 


Zones of 


Chere were 


tumor in the 
similar to the surgical specimen 
necrosis were 


more numerous 


which could be attributed to 


lhe 


Chere was a narrow irregulat 


no changes 


rachothe rapy 


glioblastoma infiltrated 


neural tissue 
zone of intercommunicating capillaries, usu 


illy occurring in’ small clusters. Bizarre 


elongated sarcoma cells could be seen aris 


ing from the periphery of the 
(lig. 8). Here, 
The 


intermingled 


tortuous 


capillaries mitoti 


hgures 
cells 

multinu 
cleated giant cells and small hyperchromatic 


were numerous sarcoma were 


haphazardly with 


glial elements. The leptomeninges were in 


vaded by tumor and showed orderly fibrous 


thickening where it occurred 


Fig. 3.—Brain tumor 
(surgical specimen ) Pre 
dominant pleomorphi« 
glioblastoma, with strands 
ot sarcoma at one edge 
and around a blood vessel 
Hematoxylin and eosin: 
reduced about 25% 


mag. « 90 


tron 





Bran 


Fig. 4 
(autopsy). Illustrates 
ventitial vascular 
plasia Included 
edge of a zone of 1 
lined by a pal 
small 


cells 


eosin > 


hyperchron 
Hematoxylit 
reduced about 


trom mag x 90 


The blood vessels in the glioblastoma area 


showed vascular hyperplasia of the adventi 


tial variety.'?:2!.47.5* Plump, elongated, fairly 


orderly cells were seen arising from _ the 


adventitia of the vessels and formed a cuff 
Within the latter, small budding capillaries, 
often distin 


intercommunicating, were 


guished (Fig. 4). This adventitial type of 
vascular hyperplasia was present not only 
also in the adjacent 


Within the 


hyperplasia 


within the tumor but 


neural tissue tumor, areas of 


adventitial vascular merged 


with the sarcoma. While some of the ves 


sels contained mural thrombi, none were 


completely occluded by thrombosis 

Within the tumor of the lung there were 
large zones of necrosis lined by hyper 
chromatic elongated cells arranged in pali 


sades. Both types of malignant neoplasm 


{RCOHIVES OF PATHOLOGS 


were present. There was generally a 


greater admixture of the two elements ( ligs 
9A-9C). The 


was arranged in interlacing bundles ( bigs 


sarcoma predominated. It 


1OA and 10B) and fascicles which gave the 


staining reactions for collagen (blue with 


azocarmine, red-brown with Mallory’s phos 
photungstic acid-hematoxylin ). The whorled 
appearance of the fascicles, while present, 


was not extensive or as striking as in the 


brain. There were seen reticulum fibers 


with Wilder’s silver stain. Numerous capil 


laries, which often  intercommunicated, 


were seen and were clearly delineated with 


the reticulum stain. In the interstices of the 


sarcomatous fascicles there were small is 


lands of pleomorphic cells among which the 


multinucleated giant cells were prominent 


and were almost always present (Fig. 9A) 


Fig. 5A 


(surgical 


Brain tumor 
specimen). In 
terlacing bands of sar 
coma and islands of 
glioblastoma The sar 
gives the 


coma Staining 


reactions of collagen 
(blue in this instance) 
A zocarmine ; 


30% 


reduced 
about 
x 90 


from mag 
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Figure 5A 
lacing bands « 
show moderate anaplas 
The fibers are thick 


coarse Che islands 


pleomorphic glioblastor 


are sharply demarcated 
tron the surroundi 
ircoma Hematox 
uxl eosin; reduced 


S0% 


view ot lung tumo 
There are large areas O 
necrosis and of hemor 
rhage At the periphery 
of the lesion there 1s a 
blood vessel invaded by 
tumor (arrow). Hema 
toxylin and eosin; re 
duced about 30% from 


mag. * 5 


Ehrenreich—Der 


SPINDLI 


CELI 


SARCOMA 


Fig. 54 Area similar 
to 5B. The reticulum fi 
bers are abundant in the 
sarcomatous areas and 
absent in the islands of 
Wilder's 


reticulum stain; reduced 


glioblastoma 


about 30% from mag 
x 350 





These islands did not contain reticulum 


fibers and did not give the staining reactions 


of collagen. Only rarely did the fine fibers 


give the tinctorial staining reaction of glial 


tissue (blue with phosphotungstic acid 


hematoxylin and red with azocarmine ) 


Fig. 6( Detail of Figure 6B. Tumor in 
filtrating wall of blood vessel and proliferating 
in the lumer lumor spindle cellular 
appearance of the sarcoma and the pleomorphic 
giamt cells of the glioblastoma. Hematoxylin 
and eosin; x 100 


shows 


{IRCHIVES OF PATHOLOG) 


Fie. OB 
Figure 6A 


Detail of 
Blood vessel 
boundary of lung 
parenchyma invaded by 
tur Hematoxylin and 

; reduced about 30% 
20 


ag 


The 


places the sarcoma appeared to proliferate 


tumor was well vascularized. In 


from the adventitia of vascular channels 


without invading the media and with little 
or no endothelial reaction (Fig. 7A-7D). In 


others, the sarcoma merely abutted on the 


Fig. 61L).—Same This 


illustrates the disruption and destruction of the 


feld as in Figure 6 


blood vessel wall and elastic layers. Verhoeff’s 


elastic stain; X 90 





IND SPINDLI Ld 


SHOWS Sarcomatous 


liferation contiguous witl 
the adventitia. Sn 
lands of ghobla 
embedded 
Het 
reduced about 


uD 


adventitia. At the boundary between tumor 


and lung tissue a large vein was partly in 


vaded by the neoplasm (Figs. 6A and 6B). 
Here there was infiltration of the adventitia, 


of the muscular coats with destruction of 


elastic fibers, and of the endothelium, with 


intraluminal proliferation (Figs. 6C and 


6D). The invading tissue was principally 
sarcoma but with gliomatous elements pres 
ent 

tumor cells 


In the between 


there were several small deposits of anthra 


interstices 
cotic pigment. No residual pulmonary tis 


sue could be seen in the tumor with 
hematoxylin and eosin or with Verhoeff’s 
elastic stains. The blood vessels in the lung 
near the lesion showed mild thickening of 
Chis 


elsewhere in the lung at some distance from 


the media change was also found 
the tumor in zones of bronchopneumonia 
and in a small subpleural fibrous scar. None 


of the varieties of vascular hyperplasia usu 


Ehrenretch—Devlin 


SARCOMA 


ally associated with glioblastoma were pres 


ent in the lung outside of the tunict 


Comment 


The lesions in the brain and in the lung 
were similar, and each consisted of two 
neoplasms which were closely intermingled. 
One was a typical glioblastoma multiforme, 
and the other, a spindle cell sarcoma or fibro 
sarcoma. The staining of the sarcoma with 
Mallory’s phosphotungstic acid-hematoxylin, 
azocarmine, and Wilder's silver stain clearly 
indicated collagenous connective tissue. In 
the zones of glioblastoma, collagen and retic 
ulum fibers were absent. The rarity in these 
areas of fibers which give the staining reac 
tions of glial fibers may be attributed to the 
anaplasia of the neoplasm. There was strik 
ing morphologic similarity between the pri 


mary brain tumor and the metastasis. 


In any presumed instance of pulmonary 


metastasis from a neoplasm of the brain, 


> Same field as 
in Figure 7A. The sarco 
matous growth is adventi 
tial without involvement 
of the vessel media or in- 
Wilder's reticulum 
stain; reduced about 25% 


trom ag x OD 


tima 





Fig. 7( slood vessel 
in lung tumor ’rolifera 
tion oft sarcoma trom 
periphery of vess Im 
mediately beyond the zone 
ot adventitial prouteta 
tion there are mmterspersed 
small clusters of glhio 
blastoma Hematoxylin 


und eosin: reduced about 


>< 2c 
25% trom mag 50 


Fig. 7D.—Same tf 
in Figure 7 
lustrates 

the 


Reticulum fibers at 


sent in the small foci of 


glioblastoma Wilder's 


reticulum stam; recwu 
about 25% fror 


Fig 
tumor 
plastic spindle 
proliferation 
periphery 
T here is mitert u 
giant cells and glial cells 
around the capillary. Two 
mtot hgures are pres 
ent Hematoxyli and 
eosin; reduced 20% trom 


mag. 350 





GLIOBLAST SPINDLE-CELI 


the possibility primary tumor of the 


lung should be ruled out. In this case there 


is both histological and roentgenographi 


confirmation of a primary brain tumor on 


the ene hand and of pulmonary metastasis 


on the other. On histological examination 


one of the components of the brain tumor 


unequivoca 1 of 


multiforme ind 


Is an glioblastoma 
neoplasm Was 


No other 


autopsy 


found in the lesion in the lung 


malignant tumors were found at 


The roentgenogram of 


the lung showed a 


rounded cumscribed density in 


(lig. 1) 


It was characteristic of a metastasis and not 


sharply cil 


the center ot the right lower lobe 


of a primary tumor. No other malignant 
tumors weré found. Both in the brain and 
was marked Vast ular 


While 


in some areas the cells proliferating from 


+] 
nere 


in the lung tume 


hyp rplasia of the adventitial variety 


the vessels were relatively few and orderly, 


in others they were numerous and closely 


Fig. 9B 
H ip! azard 
of ghoblastoma 
oma. Hematoxylin 
reduced abou 


eosin: 


from mag. * 350 
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SARCOMA 


Lung tumor 
Island o 


surrounded by 


glioblaston a 
sarcoma 
Phosphotungsti icid 


hematoxylin; reduced 


about 30% 


350 


ax 


and showed moderate anaplasia 


cells 


ing sarcoma ( lig 


prac ked 


These continuous with infiltrat 


7A-7D). lt 


to conclude that the 


were 
seemed Tea 
sonable sarcoma in this 
case arose in the adventitial vascular hyper 


Wolf * 


he le ptomeningeal surface ap 


plasia, as sug gt sted by and 


Feigin.'®!* 


peared to be invaded by tumor, and in this 
case if 1s not considered to be the likely pri 
Whatever doubts 


mav have existed as to the malignant nature 


ary site of the sarcoma 


of the sarcomatous elements were dispelled 


by the rapid growth of the metastasis 


There was evidence that the tumor in the 


lung grew by destroying lung tissue and 


not by expansion with compression of the 


lung There were anthracotic deposits 


scattered throughout the tumor which were 


similar in distribution to the anthracotx 


deposits present in the uninvolved lung 


parenchyma. The periphery of the tumor 


was not limited a capsule or by com 





pressed fibrous tissue. Instead there was 
infiltration of lung tissue, and in one periph 
a large blood vessel was invaded 
(Figs. 6A-6D). In 


both the glioblastoma and the 


eral area 
and partly destroyed 
all instances, 
sarcoma were present 

The presence of vascular hyperplasia in 
the lung tumor and its absence in the lung 
parenchyma outside the tumor in this case 
suggests that it is an intrinsic characteristic 
or the neoplasm and not related to the host 
tissue. It is possible that the factor which 


is responsible for the vascular hyperplasia 


in the primary site accompanies the tumor in 


its metastases and operates independently 
of the host Most 


tumors do not 


tissue observations of 


metastatic brain mention 


this feature. Davis ™ states that in a 


case 


of metastatic glioblastoma multiforme vas 


cular hyperplasia was present in the brain 


tumor but not in the metastatic sites. Fei 


1¢ 


gin > also refers to the absence of vascular 


Fig. 1OA 
Fasc le ot 
mild 


Hematoxylin and 


Lung tumor 

Sarcoma, 

showing anapl iSla 

eosin; 

reduced 20% 
350 


tron 
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Fig. 9 Lung tumor 


Small islands of  glio 
blastoma encompassed 
within fascicles of sat 
coma. Fibers of the sar 
coma are coarse and thick 

give the staming re 
ictions ot collager 
(brown-red in this in 
stance). Phosphotungsti 
acid-hematoxyvin; reduced 


about 30% tron mag 


350 


hyperplasia in the extraneural metastases of 
primary brain tumors 

In considering this complex of glioblas 
toma and sarcoma the following possibili 


ties present themselves 1. The sarcoma 


arose from the glioblastoma by a process of 


metaplasia. 2. This is a fortuitous associa 


tion of two primary malignant tumors 


growing independently and metastasizing 


3. Both tumors are independent, but th 
sarcoma is derived from the vascular hyper 
plasia by a continuous process 


Medakowitch * 


demonstrate in gliomas metaplasia of glial 


Bertrand and tried to 
elements and suggested that the latter could 
This 


accepted 


give rise to fibrosarcomatous tissue 


concept has not been generally 


Bailey * states that he has never seen signs 


of such metaplasia in a considerable numbet 


of brain tumors. Zimmerman *® has demon 


strated that gliomas experimentally induced 


in animals are multipotential, one tumor 
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giving rise to several types upon trans 


plantation mouse glioma with the ap 


pearance f ependymoma produced = an 
cells in the 
chick egg but 


when retrans 


tumor 
the 


amorphous mass of 


allantoi membrane of 


reverted to its uriginal ty] 


oust However, the trans 


planted to the n 


formations were from one type of glioma 


into another and not into connective tissue 


tumors 
This case has many of the features of 
outlined by 


the 


tumors as 


multiple 
Warren 
was distinct; each presented a definite pic 
likeli 
hood of one being a metastasis of the other 
lhe 


plasms at 


primary 


and Gates.” Each of tumors 


ture of malignancy, and there is no 


close intermingling of the two neo 


might be considered to 
But the 


one site 
be an example of a collision tumor 
identity of the histologic appearance in both 
sites renders this possibility unlikely. In 
experimentally induced brain tumors in ani 


Arnold 


several instances of mixed sarcoma and ma 


mals, and Zimmerman *:*47 found 


lignant glioma and some of these appeared 


to be intermingled. However, on trans 


plantation each of the tumors grew sepa 


rately. The intimate admixture of the two 
neoplasms in the metastatic lesion in this 
case can be best explained if one assumes 
that the 


formed in 


continues to be 
the 


from which it originated in the primary site 


sarcoma newly 


situ. from same structure 


and is not a simple metastasis. There is 
evidence which strongly sug 
this 


1M yrphe vlc mre 


gests that the sarcoma in case arises 


from the periphery of blood vessels in the 


Ehrenretch—Devl 


SARCOMA 


Lung tumor 


1OB 
a, illustrating 
anaplasia \ 


hgure 1s present 


toxvlin and eosin; 


20% trom mag 


pulmonary tumor. That this does not repre 


sent invasion of the vessel by tumor can 


be seen by comparing these with a_ vein 


which is clearly being invaded (igs. 6A 
6D, 7A-7D. and 8) 


to be qualitatively similar to the formation 


This process appears 


of sarcoma cells from proliferating capil 
laries in Kaposi's sarcoma 

Craniotomy is generally considered to be 
the inciting factor in producing extraneural 
lhe 
operative procedure often leads to direct 
the 


metastases of primary brain tumors 


extracranial extension of tumor and 


gives access to blood vessels and lymphatic 
channels. In the case under consideration 
five months elapsed between craniotomy and 
the first 


roentgem ygraphic appearance of 


pulmonary metastasis. The maximum diam 


(measured on successive chest roent 
genograms) of the 
2.0 em. on April 3, 1956, then 3.0 cm. on 


May 17, 


1956 


eters 


metastatic tumor were 


1956, and 3.5 cm. on June 26, 
\n attempt was made to determine 
the 


The doubling times 


the growth rate with use of method 


suggested by Collins 
were, respectively, 25 and 58 days, with a 
mean value of extreme measurements of 34 


days. According to the mean doubling time 


of 34 days, a metastatic embolus 100, in 


diameter reached the lung about two years 
before the pulmonary metastasis was first 
noted or about one and one-half years be 
fore craniotomy. If one accepts the faster 
doubling rate of 25 days, it would place the 
onset of metastasis about a year before the 
The validity of conclu 


craniotomy. any 


sions based on this concept depend on the 


547 





hypothesis of uniform and constant growth 
- Ss 


rate of tumors. In the present case the 


marked variation in the doubling time is not 


in keeping with previous observations of 


8 


other tumors [his inconsistency is prob 


ibly attributable to the small number of 


measurements and the relatively short px 


riod of observation. It makes it difficult to 


reach an unequivocal conclusion as to the 


time of onset of the pulmonary metastasis 


More complete information of this nature 
(including serial chest roentgenograms) in 
similar cases may well prove conclusive in 


establishing the relationship of 


oy TALIVE 


procedures to extraneural metastases 


Summary 


there 


of an intracerebral tumor 


glio 


were two intermingled neoplasms, a 
blastoma multiforme and a spindle-cell sat 


coma. In a lung metastasis a similar tumor 


was found. Reactive vascular hyperplasia 


was present in the cerebral tumor and in 


the lung metastasis. It was absent in the 


lung parenchyma outside the metastasis. It 
is suggested that the sarcoma was derived 
from the vascular hyperplasia in both th 


primary and the metastatic sites 


St. Francis H New York 4 
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Pathogenesis of Metastasis Formation Observed in 
Vivo in the Rabbit Ear Chamber 


SUMNER WOOD Jr., M.D., Randolph Air Force Base, Texas 


After the initial appearance of neoplastic 
cells 


tasis—the 


in the host, the formation of metas 


detachment of cancer cells and 


their successful lodgment and growth at 


new sites—is probably the most important 
phenomenon occurring during the natural 
history of cancer. Tumor dissemina‘ion by 
be considered as 


(1) 


primary 


vascular embolism may 


occurring in three continuous stages 


cells 


growth into blood or 


(2) transport of tumor cells via established 


release of cancer from. the 


lymphatic channels 


vascular pathways, and (3) lodqment, sur 


vival, and growth of embolic cells at distant 


sites. Experimental studies #''*!® and 


examination of the blood for 


8,26,27 that 


histologic 


cancer cells indicate malignant 


cells are almost constantly invading the 
that far ex 


The 
fail to 


vascular system in a number 


ceeds the total instances of metastasis 
embolic cells 


enormous majority of 


become established; these cells perish with 


blood 


15,30,32,34,37-40,42.47 


in the 
Willis *7 


autopsy 


stream 


concluded that experimental and 


evidence establishes that “tumor 


embolism is not metastasis,” a concept first 
enunciated by Goldmann in 1897."! 


both 


human and animal material, the principal 


‘rom the histologic examination of 


cellular events associated with the develop 
ment of intravas¢ ular cancer cells have bee n 


clearly described by several authors.*:'5.°° 


‘ After the intravenous injection of 


cells Warren 


studied animals 


and 
killed 


at successive intervals and related in detail 


carcinoma into rats, 


38 


Gates groups of 


the consecutive histologic findings during 
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the growth of cancer-cell emboli within the 


lung. In these and other 


detailed 


spite of many 
knowledge of the 
The 


underlying biochemical and biophysical re 


Investigations, 
subject remains essentially descriptive 
actions are unknown 

This communication describes in vivo ob 
servations on the fate of blood-borne cancet 
cells 


signing of a special method for delivering 


hese experiments required the de 


cancer cells into minute vessels which could 
A detailed 


account of the technique finally adopted and 


be repeatedly visualized in vivo 


a description of the lodgment, endothelial 


penetration, and growth of blood-borne 


cancer cells are presented 


Materials and Methods 
Flemish-New Zealand stock 


approximate ly 3 ke 


Adult male 


weighing 


rabluts * 


were used rhe 


originated by Sandi 
Allisor et "hy 


The space between the central platform 


rabbit ear chamber technique 


son ™ and 


was used 


subsequently modified by 


the cover glass was machined within the limits 


of 20% to 254+ Details of the method used for 


installing the chamber are described elsewhere.” { 


Che chambers were not used until tht blood vessels 


were fully mature (approximately six to eight 


weeks) and the tissue was free of cellular debris 


\ chamber was used for only one ex periment 


The tumor used in these experiments was a 


squamous-cell carcinoma of rabbits, the V2 carci 
noma § ( Fig 1) 


This 


rabbits 


derived from the Shope virus 


papilloma readily maintained in 


tumor 1s 


domest After intramuscular implantation, 


* Obtained from Eldridge Rabbitry, St. Louis 


umbers were prepared by Mr. © G 
Dr. | Allison Ir, of the 
Internal Medicine, University 


son. Miss.. gave l ad 


technical advice 
of the chamber tec hnique 


Department of 
of Mississippi, Jack 
relating to the use 
§ The V2 carcinoma was obtained from Dr. I 
Zeidman, at the 


delphia 


University of Pennsylvania, Phila 





TASTASIS FORMATION 


rox opi obse TV.e 


d icroscoypx 


was employed As 
special frame supported the 
parallel t the rabbit box, 


downward. TI! 
tension to tl 


stramer 


nber wa 


Morgan and Pa ‘ Pe 
Sander 


were diluted it \ ’ 


Mixture 199 ] suspension 


t 


was centrifuged 


300 rpn \ minutes The resulting 

| 1 contaimed librated ‘ 1 | stage 
byl ue WaS reas possible 
facilitate ce was 6 volt, 


roscoy illuminator 


ress of U . . was moved from the light 

wd or emboli, unnarcotized both absorbine glass filter 

ibbits were sit quietly in the specially , 
water cell 

Obtainec ! 1 Microlmological Associates, Observations were recorded by means of 16 mn 

I picture filt \ film speed 


black-and-white motion 


fethesda, 


AS 


ICTOSCOPM 
showing (left to 
onstant D. po 
regulator, MmICcrTOSCcO]* 
uminator, heat-absorl! 
filters, inverted resea 
microscope, opt il | 
splitter, observation 
piece, and 16 mn 
picture camera 
study and sph 
rabbit ear chamber 





ot 64 trames 


s,s oO 


it was 


stant volta 


()n 
plac er 


study 


thesia was 


rabbit « 


1 bariut 


mM 


connected 


nda l 


filled witl 


was insert 
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tubing were securely 


was gently place: 


umber was clamped 
photography (Fig 
oO the lower border of 
portion f ti 1 anical as shown (Fig. 3), allows 
was epilated | tubing to be placed « 
of the tun 
ypette ) is slowl, cted while observa 
suspensi injury | 


1 


hig 
techniqt 
myectho 
into the auricular 
proxim il to the ear 


her 
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longed for 10 to 15 nutes. After completio: 


the injection, the eedle w: removed 


Results 


When the experimental conditions were 
rigorously controlled, as outlined previously, 
the following microscopic observations were 
recorded during three typical experiments 


cells 


to a minute 


IxXPERIMENT 1 lwo blue-stained 
passed rapidly from an arteriolk 
capillary, where they adhered firmly to the 
endotheiium Before injection, normal 
blood flow had been observed in this partic 
ular capillary 
cells, 
minutes At 10 


lated to a 


\fter lodgment of the blue 


stained flow ceased for about eight 


minutes, the capillary di 
two to three times the 
cells 
brisk 


endothelium in 


diameter 


size of the’ blue-stained and flow 


through this vessel was Leukocytes 


rolled along the their char 


acteristic fashion. Between 20 to 30 min 
utes after the injection, thrombus dev lope | 


cells 


vessel 


iround the dye-stained and slowly 


obstructed flow in the This throm 
bus appeared to contain fibrin-like material, 
platelets, and a few 
By the 12th hou 


peared 


( ntrapped leukocy tes 
the thrombus had disap 
How through the 


and capillary 


dye-stained cells, sur 
fibrin-like 


remained firmly ad 


returned: yet the 


rounded by a trace of material 


and a few leukocytes, 


herent to the endothelium Between the 


18th and the 24th hour, this portion of the 


Fig. 5.—Stained cells at nine hours entrapped in 


thrombus. The surrounding endothelium was poorly 


along the 
enlargements 
from 16 mm 
events are much more 
motion picture is reviewed.) 


iccumulated 
5-40 are 


Irames 


detined Leukocytes | 
altered endotheliun ( Fies 
and diagrams i single 

cinemicrophotograpl S The 
obvious when the entire 


Wood 
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capillary thrombose Between 24 


and 48 


again 
hours, the dye-stained cells were 
surrounded by the thrombus. The endothe 
leuko 
cells 


Increast d 


lium was indistinct and coated with 


cytes. By 48 hours, the dye-stained 


lost most of their coloration and 


in number, and penetration of the endo 


\bout eight large 


s 


thelium occurred tumor 


like cells, some containing dye, and several 
leukocytes were present in the capillary and 
into the 


extended perivasc ular connective 


tissue. This mass progressively increased 


in size during subsequent observations 
I.XPERIMENT 2.—live minutes after the 
infusion of dye-stained carcinoma cells was 
begun, a capillary was completely filled by 
a thrombus contaiming a large blue-stained 


cells, 
and a number of unstained cells, platelets, 


cell mass, several individual stained 


endothelium 
indistinct \t 20 
cell 


meshed by thrombus and a few leukocytes 


and rare leukocytes. The was 


somewhat minutes, the 


dye stained clump was securely en 


were seen adjacent to the dye-stained intra 


vascular embolus The endothelium = sur 


larger embolus-thrombus 


defined 


rounding the was 


poorly During subsequent hours, 


the individual dye-stained cells were dis 


lodged as the surrounding thrombus frag 


mented, and flow resumed through this 


portion of the capillary 


By the ninth hour, brisk flow was ob 


served in adjacent capillaries (Figs. 5 and 


Fig. 6—Diagrar of Figure 5 showing 
cells, leukocytes, 


in adjacent 


stained 
Flow was observed 
Leukocytes (I and Le) 
wandered over the areas I 


and thrombus 
capillaries 
endothelial injury be 


tore emigrating through the vessel wall (Figs. 7-9) 
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6); the dye-stained cell mass was sur 
rounded by a firm thrombus. The endo 
thelium to which the dye-stained embolus 
was attached appeared to be poorly defined 
Leukocytes migrated down the static vessel 
to the areas of endothelial injury at the 
site of the thrombus which contained the 
dye stained cells The leukocytes then be 
gan to migrate at random over the endothe 
lial surface. It was not possible in advance 
to predict the precise focus of leukocytic 
penetration, since at no time were there 
visible endothelial stomata. Once the leuko 
cyte had found a suitable spot for penetra 
tion, the process of diapedesis began It 
usually required 3 to 15 minutes for comple 
tion (igs. 7-9). After the leukocyte had 
passed through the vessel wall, a defect in 
the endothelium seemed to exist, for not in 
frequently one or more additional leukocytes 
would follow exactly the same route from 
the vascular lumen to the perivascular con 
nective tissue. Once they had entered the 
perivascular connective tissue, leukocytes 
appeared to move at random. Perivascular 
histiocytes and erythrocytes did not appeat 
to be involved in the cellular reaction. In 


every instance in this and subsequent ex 


periments where motion picture records 


reaci 


slowly 


were available for analysis of endothelial 


I 


wall more 


penetration, tumor-cell penetration of the 


utes 


endothelium followed leukocytic diapedesis 


‘ 


and occurred through the endothelial defect 


i 


the 


produc ed by the leukocytes 


At 12 hours, the endothelium surround 


roug! 


ing the dye-stained embolus was frag 


mented, and both leukocytes and dye-stained 


OXI 


cells had migrated through endothelial de 


ippr 
passed tl 


fects and accumulated in the perivascular 
connective tissue (Fig. 10). The emigration 
of dye-stained cells and occasional leuko 
cytes into the perivascular connective tissue 
progressed. At 24 hours, the extravascular 
tissue contained a cellular infiltrate com 
posed of leukocytes and tumor-like cells, of 
which only a minority were dye-stained 
The primary capillary remained thrombosed 


and was eventually destroyed by cellular 
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Fig. 10 
rT le ukoc 
Fig. 11 


location of 


extravascular accumulation (a@ and B) 
ytes and tumor-like cells at 12 hours 
capillaries showing initial 


Diagram of 
lye-stained emboli which failed to 


two c«dve 
growth within it and in the perivascular 
connective tissue 


I.XPERIMENT 3.—In this experiment, a 
single capillary bed was observed (Fig. 11), 


and 


a serial cine photomicrographic record 
Chis 


2600 ft. film depicts the failure of two dye 


was obtained for detailed analysis 


\reas A and 


Is), and the survival and growth of three 


stained emboli (designated as 


separate cancer emboli (designated as Areas 
i 2 


observed in 


and 3). The principal cellular events 


these five areas will be de 


scribed separately 
Area A 


were enmeshed in a 


cells 
composed 
l-ibrin-like 
material and platelets could not be distin 


two blue-stained 


“7 lot” 


Initially, 
loose 
of leukocytes and erythroc ytes 
guished endothelium 


Was clearly 


Fig. 12 stained en 


minutes, On the 


Area A at 30 
were 
ittached and surrounded by 


boli in 


otion picture, these cells 


»bserved to be loosel 


a loose “clot.” 


«~~ 2 


_” J 











Figure 11 


(Areas A and B) and of 
(Areas 1, 2, 


survive three 


and 3) 


separate 
emboli which grew 


outlined at all times. From the earliest 


observations (igs. 12 and 13), this intra 


vascular mass was loosely formed and 


evidenced a slow to-and-fro movement 


Microscopically, the dye-stained cells in this 


area were altogether identical with those 


observed in Areas . “4 and 3. 


By the end of the first hour, the loose 


“clot” was breaking up, and there was 


appre iable ebb and flow within the vessel. 
The stained cells appeared loosely adherent 


to the endothelium. At two hours, there 


was definite pulsatile flow. One of the dye 


stained cells became detached and was car 
ried immediately into the adjacent venules. 


Between the second and third hour, the 


remaining dye-stained cell was loosened and 
carried swiftly into the venous channels. 
Fig. 13.—Diagram of Figure 12, showing emboli 


and “clot” (LC). Slow ebb and flow had 
begun in the lower portion of this capillary 


loose 

















thrombus 


Fig. 15 Diagratr i kigure 14, showing locatior 
> : 


xf emboli designated as Areas 1, 2, and 3. These 
The precise nature or eventual fate of these 
two dye-stained cells is unknown 

Area B 
were essentially 
for Area A 


four similar unstained cells, 


Observations of this embolus 


similar to those described 


Two dye-stained cells and 
three or histo 


logically indistinguishable from the cells 


observed in Areas l, 2. and 3, were loosely 
endothelium and _= sur 


“clot.” No fibrin-like 


material was observed, and the endothelium 


adherent to the 
rounded in a loose 


was consistently sharply defined. By the 
end of the first hour, slow ebb and flow of 


blood 


and the embolized cells were loosely ad 


normal cells was seen in the vessel, 


herent to the endothelium. During the 


second hour, both of the dye-stained cells 
dislodged and away by the 


were swept 


vigorous pulsatile flow. Similar unstained 


cells persisted in this area for 18 hours, 
when they also were dislodged. During this 
entire period, there was no endothelial alter 
ation, and following their detachment there 
was no leukocytic sticking. 


Area 1 


were adherent 


Initially, several dye-stained cells 
to the endothelium. By 30 
minutes, these cells had been completely 
enmeshed in a firm clot (Figs. 14 and 15) 
The endothelium could be clearly defined 
thrombus 


After two hours. most of the 


was loosened and there was slow ebb and 


flow within the vessel. Two lightly stained 


cells were firmly adherent to the endothe 
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Figure 15 


ells were fin adherent to the endotheliun 
nmeshed in thrombus (7). Note the a 
leukocvtes alone the altered endothelium sul 


jacent to Area 3 


cumulatior 


lium, which was somewhat indistinct. Sev 
eral leukocytes emigrated and accumulated 
on the endothelium underlying the stained 
cells Blood flow Was slow above this area 
By three hours, the process of diapedesis 


had rhis 


observed in which it appeared that leuko 


begun was the only instances 


cytes were detained in the perivascular 


fibrous sheath for a short while after emi 
Zwetfach ).** 
cells subsequently penetrated the endothelial 
defect at 
be detained 


gration Two tumor-like 


(see 


this site; they also appeared to 


temporarily within the peri 


vascular fibrous sheath (Figs. 16-23). Dur 


fourth hour, these tumor-like cells 


5 


ing the 


increased in number (Figs. 24 and ). 


At 24 hours, 


were completely covered by 


subendothelial tumor-like cells 
a distinct glis 
This 


vessel 


tening endothelial membrane focus 


protruded slightly into the lumen, 
and leukocytes rolled without interruption 
Within 30 
had 
had 


the connective tissue (Figs, 26-28). At 42 


over this endothelium hours, 


increased 


infiltrated 


this subendothelial growth 


to at least six cells, which 
hours, the subendothelial growth had ex 
tended deeper into the extravascular tissue 
lhe covering endothelium was less distinct 


blood 


growth area, occasional brief leukocytic ad 


Despite the rapid flow over this 


herence was observed. 
Area 2: 


eral dye-stained cells were firmly adherent 


Immediately after injection, sev 
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Figs. 16-21 


\ leukocyte (Figs. 22 an 


to the lower endothelial border of this 


capillary. By 15 minutes, these stained cells 


were enmeshed in thrombus containing a 


small amount of fibrin-like material, plate 


lets, rare leukocytes, and erythrocytes 


(Figs. 29 and 30). The underlying endo- 


thelium was sharply defined. Approxi 


mately one-half the capillary lumen was 
gradually filled by the slow extension of 
this blood 


served in the remaining channel. 


thrombus; slow flow was ob 


W ood 


Leukocytes at three hours passed through the endothelium and were 
temporarily within the perivascular fibrous sheath 
23) finally penetrated the 


MiTASTASIS FORMATION 


detained 
lotal sequence was approximately 20 minutes 


perivascular fibrous sheath 


At 30 


completely 


minutes, the vessel lumen was 


occluded by firm thrombus 


(Figs. 14 and 15). Within 50 minutes, the 
endothelium to which the stained cells were 
Endothe- 


lium on either side of this site was sharply 


adherent lost its clear definition. 


defined despite the presence of overlying 
thrombus. 
During the second hour, the endothelium 


subjacent to the stained cells was notably 


indistinct. Leukocytes accumulated and 


JO/ 











Fig. 22 —Two leukocytes almost completely pene 
trated the fibrous sheath at three and 
me-half 


perivascular 
hours 


showing ¢x 
tissue 


hours, 
connective 
magmhcation in 


26.—( 
growtl 


und 2 


ipillaries 
in perivascular 


ire l ighet 


Fig 
tensive 
Sites 1 
Figures 28 and 37 





»> 


almost 


showing two 


completely 


Figure 
passed 


ot 
} 


Fig. 23.—Sketch 
leukocytes which hi: 
through the perivascular fibrous sheath, and several 
which had recently penetrated the en 
but were detained temporarily within 
Two stained tumor 


leukocytes 
lothelium, 


the perivascular fibrous sheath 
like cells were noted; one of these commenced emi 
gration through the endothelial defect where pre 
leukocytes had passed through the vessel 


viously 
wall 














Fig Diagram of Figure 24 showing Areas 
1, 2, and 3 surrounded by thrombus (7). En 
lothelial penetration by leukocytes and tumor-like 
ells continued. Several large stained cells were 
noted at this time in the perivascular connective 


tissue. At the sites of penetration, the endothelium 


was fragmented 


27.—Diagram of Figure 26. Two-minute 
newly-formed capillaries (c) extended 
nective tissue growth sites. Slow movement 
blood cells into these capillary buds was observed 


m the cinephotomicrographic record 


Fig 
into con 
of 
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Fig. 28.—Higl 
Figure 26, showing subendothelial growth 


Area 1. Brisk flow (BF) 


et and occasional leuko 


power magnification otf suite l 
trom 
from tumor emboli 
was seen in capillary lun 


securely attached to the 
Within the 


minutes, three leukocytes migrated through 


were eV entually 


injured endothelium next 15 


the altered endothelium into the connective 


tissue \ slow flow of blood cells appeared 
in the upper portion of this capillary after 
the progressive lysis of part of the throm 
bus. 
were consistently enmeshed in a firm throm 
bus, and around this mass several leuko 
cytes migrated 

Within 


the stained cells migrated through the endo 
the leukocytes 


two and one-half hours, one of 


thelial defect produced by 
During the next few minutes, several leuko 
cytes and tumor-like cells migrated through 


the endothelial defect and into the extra 


Fig. 30.—Diagr Figure 29, showing stained 


bus (7) containing fibrin 


ells enmeshed in a thron 


like material, pl itelets P), rare leukocytes, and 


Figure 30 


The stained cells on the lower border 
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Figure 29 


cytes (/.) stuck momentarily to the 


lothelium 

Fig. 29.—Emboli in Area 2 at 15 minutes. Stained 
ells were enmeshed in a thrombus. The underlving 
ndothelium was sharply defined 


covering en 


vascular tissue By three hours, the 
tissue 


cells 


a continuous slow migration of leukocytes 


connective contained at least six 


tumor-like (Fig. 18). 


Subsequently, 


and tumor-like cells into the connective 


tissue was apparent. Although the number 


of cells within the connective tissue in 


creased, it was not possible to determine 
were dividing tumor 


precisely how 


cells 


many 


Within six hours, the majority of the 
intravascular tumor-like cells had lost their 
dye and migrated into the connective tissue, 
producing a very considerable tissue infil 


trate (Fig. 31). At the site of cellular 


penetration, endothelium cannot be distin 


rythrocytes. Slow flow of blood cells was noted 
in the lumen about the embolus 

Fig. 31 At six hours, the connective tissue 
infiltrate originating from emboli in Areas 2 and 
3 is indicated by a and £, respectively 





Figure . 


Extensive connective tissue growtl 
! > —< 


from emboli ( Areas 1 ar 2) at 57 hours 
Fig. 33.—Dhiagr Figure 32 


3 showing leuko 
ytes (/.) adherir to endotheliun 


Flow in the 
\ small 
like 

lodged 


guished number of faintly 


outlined tumor cells and occasional 


leukocytes were within the firm 


thrombus which lined the lower portion of 
the parent vessel Slow flow was observed 
in the upper half of this capillary At 12 
hours, the enlarging connective tissue cell 
contained a considerable f 


mass variety ot 


cell sizes and shapes; only three or four of 


these cells retained dye 


By 24 hours, growth in the extravascular 


connective tissue was more extensive. Of 


extraordinary interest at this time was the 


endothelialization of the penetration site. 


Leukocytes rolled slowly over this newly 


formed endothelium ( Figs. 26 and 27). At 
this time, a minute capillary bud was first 


apparent. This ingrowth arose from a pre 


Fig. 34.—Stained cells in Area 3 at two hours 
Tumor-like cells were 
Leukocytes 


lower endothelial 


firmly enmeshed in thrombus 
wandered over the 


leukocyte (1) 


accumulated and 
surtace (ne 


Figure 34 


ES O}F 


PATHOLOG) 














initial capillaries was brish the 
film, 


motion picture 


slow flow and ikocytic adherence were 


noted in the new! 
led con 


capillary (c), whicl 
l tumor 


ow exten pletely through the 


existing capillary and slowly extended from 


the periphery into the area of tumor growth 


( Fig. 27) 


After 57 hours, this newly formed capil 


lary had extended completely through the 


tumor (igs. 32 and 33). Flow within this 


capillary was slow, and its endothelium was 


very poorly outlined, as, indeed, poor deh 


nition of capillary endothelium within or 


about growing tumors was frequently the 


case. This morphologic difference of intra 


or peritumoral endothelium was _ often, 


though not invariably, associated with slight 
to appreciable leukocytic adherence 
After three days, the laterally expanding 


tumor obscured and ultimately destroyed 


these vessels 


lestined to penetrate the altered vessel wall (sec 


Figs. 35 and 36) was noted 
Partial endothelial penetration of leuko 


one-quarter hours 


Fig. 35 


yte (/.) at two and 


Figure 35 





Approxim 10 minutes later, leuko 

had reacl perivascular connective 

tissue and produced residual endothelial defect 
throug! ] } tumor-like cell moved 


throu 


and 2, 


\reas 1 


firmly 


doin 
dye-stained cells be: adherent to 


normal-appearing capillary endothelium 


During the first 30 minutes, they were slow 
ly surrounded by a firm thrombus contain 
ing fibrin-like n 
(Figs. 14 


bore T of the 


iSses 


platelets, and a few 
15). The 


was indistinct 


leukocytes and lower 


endothelium 
Leukocytes n 


ugrated down the static vessel 


endothelial 


1 
- | 


to the site of 
to the 
Within 
migrated at 
thelial 


injury subjacent 


stained cells enmeshed in thrombus 


two hours, numerous leukocytes 
the altered endo 
34) 


hours, a 


randor OVeT 
| lg 


one-quartet 


surface Beginning at 


two and leukocyte 


penetrated through the altered endothelium 


(Fig. 35) and into the connective tissue 


(big. 36) \t two and one-half hours, a 


tumor-like cell elongated and passed through 
the endothelial defect produced by leuko 
cyt diapedesis 

third 


During the hour, the site of en 


dothelial penetration enlarged, and a 


cells 


escaped into the connective tissue 


num 


ber of tumor-like and leukocytes 
By four 


cells, 


unmistakably leukocytes and others resem 


hours, there was a variety of some 


bling tumor cells both with and without 


stain, observed at the site of the endothelial 
and in the connective 


defect subjacent 


tissue 

During the fourth hour, the upper en 
dothelial border gradually lost its definition, 
and accumulated 


subsequently leukocytes 


(Figs. 24 and 25) 


Within a brief period, a leukocyte penetrated 


along this surface 


this surface and entered the connective tis 


sue. Slow connective tissue infiltration by 


leukocytes and tumor-like cells occurred 


through this endothelial defect, although at 


a considerably slower rate than that ob 


served along the lower capillary surface 
\t six hours, the most 


pre yninent con 


nective tissue infiltrate was subjacent to the 
site of earlier endothelial penetration A 
number of tumor-like cells, several contain 
ing dye (at least two or three), were recog 
this 


part of the intravascular thrombus had been 


nizable among these cells. By time, 


loosened, and there was a slow move 


The 


dye-stained cells remaining within the vessel 


very 


ment of blood cells within this vessel. 


were firmly adherent to the endothelium. 

yy 12 hours, a marked increase in peri 
vascular tissue cellularity was observed both 
His 
tologically, many of these resembled tumor 
cells, 


dothelium in the 


above and below the parent vessel. 


and a few contained stain. The en 


two sites of penetration 


remained indistinct \t 18 hours, endo 


thelial penetration and connective tissue 


infiltration were more extensive. Within the 


vessel proper, an increased number of 
tumor-like cells was apparent; these proba 
from intravascular 


blo ul 


the vessel lumen 


bly resulted 


Slow 


growth 


flow of cells continued within 


Between 24 and 30 hours, the upper and 
lower areas of endothelial penetration had 
been 


covered by endothelial proliferation 


Fig. 37.—High-power magnification of Site 2, 
Figure 26, showing the endothelialized intravascular 
tumor 





and 27). Intravascular 


still 


(| igs 26 
like 


amounts of 


26, 27, and 37) 


tumor 


cells, several containing munute 


stain, were  endothelialized 


( Figs Except for mo 


mentary sticking of leukocytes as_ they 


passed over the sites of endothelial re 


growth, the blood flow was relatively brisk 


The extravascular tissue growths above and 
below the vessel have increased in size and 


cellularity \t this time, vascularization of 


the growing tumor areas began. A minute 
capillary ingrowth arose from a preexisting 
normal capillary and extended a short dis 
into the 
(Fig. 27) 

After 


number of 


tance connective tissue growth 


30 hours, a steady increase in the 
intravascular en 
within 42 


cells extended 


cells in the 
had 


hours, these tumor 


dothelialized site occurred; 


into the 


connective tissue both above and below the 


Fig. 40.—High-power magnification of intra 
vascular endothelialized growth (marked in Fig 
38), now considerably smaller after its extension 
ibove and below the vessel. Although blood flow 
was brisk (BF), moderate leukocyti 
(I ) Was observ 


adherence 
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vessel (Figs. 38 and 39) Although its 


endothelium was intact, it could not be 


visualized as clearly as heretofore, and 


moderate leukocytic adherence was noted 


( lig 4()) 


By 57 hours, growth within the connec 


tive tissue below the primary vessel was 


extremely cellular; newly formed capillaries 
extended through its center. The endothe 
lum of capillaries within the tumor was 


indistinct, and slow flow was not infre 


quently obstructed by a leukocyte adherent 


to the endothelium 


During the third and fourth days, pro 


gressive peripheral tumor growth con 
tinued; this was accompanied by the gradual 
obstruction and eventual obliteration of pre 
existing and newly formed vessels 
Concluding Observation on Areas 1, 2, 
and 3: Between the third and fifth days, 
these individual areas of growth merged and 


cle tailed 


\t all times in our experience, 


became too cellular for 


histologi 
study Once 


the tumor reached the connective tissue, tt 


extended randomly in all directions; no 


histiocytic response OT encapsulation oc 


curred. The vessels within the central zone 
of the tumor were first obstructed and then 
obliterated. The rapid growth in the shal 
low depth of the chamber (20, to 25n) and 
both 


necrosis 


resulted in ex 
The 


ever, exhibited progressive lateral growth, 


vascular destruction 


tensive central tumor, how 


and abundant new vascular anastomoses 


grew centrifugally 
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Repeated observation of vessels 


the areas of tumor growth failed consistently 
to reveal intravascular sludging or thrombo 


embolism described by previous investi 


gators.** 


By 13 days, the tumor was 3 mm. in 


diameter, the 


majority of the tumor was 


necrotic, and a narrow’ peripheral 


(varying in thickness between 100” and 


200n) was extensively vascularized by 


Within the pe 


ripheral zone of the tumor, capillaries were 


newly formed capillaries 


of normal size, although their endothelial 
surfaces were characteristically poorly de 
fined and exhibited a general tendency for 
leukocytic adherence. In contrast, the ves 
sels in the connective tissue adjacent to the 


had 


along which the 


tumor sharply defined endothelium 
leukocytes rolled in their 


normal fashion 

The rabbit was killed on the 13th day, 
and the chamber and visceral organs were 
Zenker’s 


amination of the 


fixed in solution. Histologic ex 


growth within the ear 
chamber revealed the characteristic V2 car 
(lig. 41) 


metastases were found in other portions of 


cinoma Microscopically, small 


the ear employed for this experiment and 


in the lungs 


Wood 


outside 


Zone 
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Comment 


The experiments reported in this paper 
constitute a new approach to the pathogen 
sis of metastasis formation, namely, direct 


microscopic examination of blood-borne 


cancer cells during their lodgment, endo 


thelial penetration, and growth in the rabbit 


ear chamber. By this method it has been 


possible to follow the course of events step 


by step The observations can be recorded 


by motion pictures, which serve as pet 


manent records and are particularly valuable 


for an objective analysis of the cellular 


phenomenon and comparison of their rates 
of change. 


Although at the present time reliable 


cyiologic criteria cannot be established by 


which carcinoma cells may be categorically 
distinguished within the ear chamber, suc 


cessive observations on their behavioral 


characteristics clearly reveal their malig 


nancy firm adherence to capillary endo 


thelium, entrapment within a_ thrombus, 
endothelial penetration, progressive growth 
evoking the ingrowth of new capillaries, and 


His 


tologic examination of fixed and stained sec 


ultimate formation of a gross tumor 


tions showed characteristic V2 carcinoma 


cells. 





By using the trypan blue vital staining 


technique, it Was possible to observe the 
of V2 
arterioles and into the capillaries where they 
Warren and Gates 


carcinoma cells through the 


passage 


lodged *S observed that 


embolic cancer cells establish themselves in 
capillaries but only rarely in arterioles. In 
chamber, successful metasta 


the 


the rabbit ear 


sis formation has up to present time 


been seen only within capillaries 
lhe site along the capillary endothelium 
to which the cancer cell might adhere could 


pred ted 


Capillary diameter 


not be was 


not a limiting factor, based on the firm ad 
herence of cancer cells within vessels whos« 
diameters were sometimes three times larger 
flow 


\ddi 


required before it 


than the cancer cell and whose blood 


continued after tumor-cell lodgment 


tional ot 


serval 


ions are 


can be ated by what mechanisms tumor 


cells may pass completely through capillary 


beds 


anastomoses I ivht 


— 


ind how Significant arteriovenous 


be in this regard 
()f 


the irious cellular phenomena in 


volved in metastasis formation, none is 


observe in than 


cells to 


more lascinating to VIVO 


the initial sticking of cancer the 


Che 
account for its occurrence are at 
The 


cells appeared to be independent of 


endothelium factors which 


vascular 
present 


unknown endothelial adherence by 


tumor 


leukocytic sticking, vasomotor 


activity, of 


capillary flow rate In view of these con 


siderations, and the consistent observation 


} 


that the endothelium had appeared normal 


prior to lodgment, one gains the impression 


that the tumor cell from which a metastasis 


most extraordinary 


develops poss sscs a 


Ci pability to attach itself to the endothelial 


surface. With the ear chamber technique, 


this phenomenon lends itself well to further 
investigation using a variety of procedures, 


including phase-contrast, ultraviolet, and 


electron microscopy, as well as histochemical 
stains 
After a latent period of only a few min 


utes, the formation of a thrombus was 


evident. This observation confirmed in vivo 


careful microscopic studies of fixed tissue 


564 


1M 1RCHIVES OF PATHOLOG) 


sections, which showed that, in the earliest 
stages in the development of embolic tumor 
both 
cancer cells are frequently enmeshed in in 
In Areas 


failure of 


cells in human and animal material, 


10,.32,.37,38,42 


travascular thrombi 
A and B of 


t mboli 


Experiment 3, the 


tumor cells may be related to their 


inability to attach securely to the endothe 


lium and evoke the formation of 


15.45 


surrounding clot, Heparin, bishydroxy 


coumarin ( Dicumarol),* or the fibrinolyti 


enzyme, plasmin,® administered prior to the 


intravenous moculation of tumor cells, r 


duced the resulting number of lung tumors, 


and heparin ** or bishydroxycoumarin '* 


treatment of animals reduced the incidence 


of visceral metastases in animals bearing 


transplanted neoplasms 
that the 


These observations 


cells 


coagulae may 


indicated fixation of cancet 


within minute intravascular 


be considered an essential process in_ the 


development of metastases from blood 


borne cancer cells 


Recent studies have suggested that the 


clotting mechanism of the blood may be in 
timately involved in the sticking of leuko 
endothelium.**5 Th 


the vascular 


thromboplasti 


cytes to 


properties of many tissues, 


Ink luding certain cancer cells, are well re og 
the V2 car 


rich in 


nized In consideration oft 


cinoma, a tumor extraordinarily 


thromboplasti material,’® the ability of the 
carcinoma cell to become attached to normal 


endothelium and subsequently to be en 


meshed in a thrombus may conceivably 


represent one of its distinctive charactet 


istics 
In evaluating the mechanisms responsible 
for the endothelial adherence of cancer cells, 


the role of other factors considered im 


portant in leukocytic sticking warrants 


mention These include  vasodilation,*:** 


postulated changes in cellular surface 


charges brought on by “currents of in 


jury,” 31 and protoplasmic processes extend 
ing from the endothelial cells.° 
Che V2 


cinoma cells penetrated the endothelium in 


mechanism by which the car 


volved a complex sequence of events, which 
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were remarkably uniform when the com 


plete cinephoton crog! iphic record 


I 
Within a 


OU minutes to several 


Was 


availabl period varying from 


hours, a progressive 


loss of endothelial definition occurred u 


the irea immediately adjacent to the cancet 


cells and its thrombus Phe precise etiology 


of this endothelial damage is unknown 


Histamine-like derived from the 


inces 


hydrolysis of tissue proteins.*° and othet 


umMino ; and polypeptides ** are known 


ng endothelial damage 
lar response of acute 
inflammation r proteolytic enzyme 
cells 
ind produced this injury 


j 
ned 


released from the cancet diffused te 


the endotheliun 


remains undetert 


Within i relat | short period of time 


ifter endothelial mage leukocytes emi 


grated down the vessel and accumu 


lated in the endothelial injury 


migrated at random over the endo 


~ 


| he \ 
thehal 


ot the 


surtace before 


vessel. Num 


that 


penetrating the walls 
rous work rs have ob 
served adherence to the vascular en 
dothelium constitutes an essential step in the 
process of chapece Sis of leukocyte s.* 


After one OT ore leukocytes had passed 


through the vessel wall, an 


endothelial de 
cells 


into the 


which 
blood 


tissues In 


tect resulted, through cancet 


emigrated from. the vessels 


connective every instance, one 


Oo! more leukocytes penetrated the endo 


thelium in advance of the cancer cells. On 


two occasions, tumor cells have been ob 


served outside of the vessel within three 


hours after their adherence to the endo 


thelium; in one instance, penetration did not 
occur until 48 hours had elapsed 


1863 described 


cells The 


As early as Virchow *8 


the ameboid n it ot cancet 


V2 carcinoma grown in vitro moves at an 


average of approximately 0.7 per minute.® 
Migration at this rate would readily explain 
the prompt passage of tumor cells through 
the endothelium and into the connective 
tissue 

Photomicrographs published by Iwasaki ! 
Warren (sates clearly show 


and and 


Wvod 


ISIS FORMATION 


leukocytes within the thrombi which sut 


rounded intravascular cancer cells, and a 
isible in 


Warren 


hours 


small number of leukocytes are 


the perivascular connective tissue 
that by six 
Walker 256 
invasion and growth beyond 


Cheit 


in general agreement with the re 


and (ates reported 


atter intravenous injection ot 


carcinoma cells 


the capillaries were evident obset 


tions are 


sults obtained with use of the rabbit ear 


chamber technique, although with this tech 


nique the prompt accumulation ot leuko 


cytes and emigration of leukocytes and 


cancer cells from the into the con 


vessel 


nective tissue is clearly evident 


The role of leukocvtes. In genel il and 


lymphocytes, in particular, in relation to 
subject of 


Murphy.** 


Recent observations by Humble and associ 


malignant disease has been the 


extensive research, especially by 


ates }* warrant special consideration. Study 


ing the interaction between lyn phoc vtes and 


cancer cells in vitro, these authors report 


that lymphocytes showed a remarkable af 


finity for malignant cells, especially during 


mitosis. Leukoc ytes are suggt sted as being 


mobile sources of enzymes 01 metabolites 


in demand by a 


tively growing and dividing cells 


which are particularly 
such an 
association is considered reciprocally bene 
ficial. Additional investigation is required 
to define the role played by the leukocytes 
in metastasis formation in the present ex 
periments. 


scribed tumor cells which were covered by 


Schmidt,®* Iwasaki,'!* and Saphir 


a thin laver of endothelium continuous with 


the intima. Endothelialization of tumor cells 


with subendothelial growth and subsequent 


connective tissue invasion was clearly con 


firmed in the present experiments. It ap 


pears that if attached tumor cells remain 


within the vessel for 24 hours and only 
partially invade the endothelium, they may 
be covered by endothelial proliferation If 
all tumor cells migrate into the connective 
endothelial 


tissue, the defect nay be re 


paired by normal-appearing endothelium 


In either case, blood flow through the parent 
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naintained until it is occluded and 


vessel S 
destroved by tumor 


Many rkers have 


the correla 


growth 


drawn attention to 


between tumor growth and 


newly tor which 
1,14,21 


capillaries originate 


trot reexisting vessels Studying the 


| 
Brown-Peare« 


chamber, Ide 


ed blood ve ssel ingrowth 


growth of fragments of the 


y 
carcino 1 t rabbit ear 


and associates '* not 


1 + 
around the tumor transplant as early as 


three days after transplantation. Using the 


MOUSE « h ul 


ber technique, Algire and Chalk 


ley’ emphasized that tumor transplants 


growth as early as three 


4 


elicited capillary 
days after implantation, whereas six days 
elapsed prior to the beginning of capillary 
the 


vascularization of omentum transplanted as 


proliferation in a wound. Studying 
in a modified rabbit ear chamber, 


that 


autogratts 
Willams *! 


growth from preexisting blood vessels began 


observed new capillary 


within 24 hours 

In the present experiments, capillary buds 
arising from preexisting vessels and enter 
ing the 
24 hours 


tion 


tumor were clearly visible within 
Subsequently, capillary prolifera 
at 57 hours the tumor 


Che 


which the malignant cell is 


continued, and 


contained a rich capillary supply 


Nie¢ hanisi S by 


provoke a continued vascular 


able to pro 


liferation remain obscure 


Finally, brief mention should be made of 


the future uses of this technique. Of par 


ticular interest will be the use of this in 


VIVO technique to investigate metastasis for 


mation in altered states, such as during 


tumor growth at a remote site, after vascular 


injury produced by irradiation, infection, or 


trauma, and 


during treatment with drugs 
Of practical importance might be observa 


experimental 


tions after tre factors 


blood 


cortu 


itment with 


known lo enhance 


borne metastasis formation, such as 


25,44.4 4 


sone, Sstress.*” o1 


growth hormone,** 
44,45 and | 2) substances reported to decrease 
metastasis formation, such as heparin,*>#+.4 
bishydroxycoumarin,*** or chemotherapeu 
tic agents, e. g., nitrogen mustard,’ employed 
for the prevention of tumor metastasis dur 


ing surgery 
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Summary 


\ special adaptation of the rabbit ear 
chamber te« hnique has been devised to study 
and photograph in vivo, under high magnih 
behavior of 


V2 


into the auricular 


cation, the intravascular cancer 


cells Trypan blue-stained carcinoma 


cells were injected slowly 


artery of rabbits having vascularized eat 


chambers. Serial cinephotomicrographic re¢ 


ords serve as a permanent documentation 


and are particularly valuable for an obje 


tive analysis of the cellular phenomenon 


ind comparison of their rates of change 


Systematic observations of the fate of 
blood-borne cancer cells in the living animal 


summarized as follows 


cells 


from the arterioles into the capillary bed, 


may be 


1. Injected cancer passed rapidly 
where they became firmly adherent to the 
endothelium. The site along the capillary 
endothelium to which the cancer cell might 


Che 


endothelial adherence by tumor cells appears 


adhere could not be predicted initial 


to be independent of capillary diameter, 


leukocytic sticking, vasomotor activity, of 


rate of blood flow 
2. After 


intracapillary thrombus formation 


a latent period of only a few 


minutes, 


about the adherent cancer cells was first 


noted These minute thrombi slowly ex 


tended to enmesh the cancer cells and ob 


blood 


infrequently part of this peritumoral throm 


struct How Subsequently, not 
bus was fragmented and dislodged, although 
cancer cells destined to penetrate the endo 
thelium remained firmly adherent 


3. Within 30 


the endothelium subjacent to the cancer cells 


minutes to several hours, 


was altered Shortly thereafter, endothelial 


damage Was apparent Leukocytes migrated 


down the static vessel, accumulated in the 


areas of endothelial injury, and moved at 


random over the endothelial surface before 
emigrating through the capillary wall 

leuko« ytes appeared to 
defects 


4. Penetrating 


leave behind endothelial through 


later 
that 


which other leukocyres, and cancer 


The 


cells were observed to reach the perivas ular 


cells, emigrated earliest tumor 
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connective tissue was within three hours 


Tumor growth in the extravascular tissue 


Was progressive after six hours 


5. Tumor cells which had incompletely 


1 


penetrated the endothelium were covered by 


endothelial proliferation within 24 hours 


and flow through the rent vessel 


established 


Was Te 


Such st idothelial tumor cells 


subsequently grew and infiltrated the con 


nective tissue 


6. Capillary buds ising from 


preexist 


ing vessels and entering the tumor were 


24 


clearly visible within hours. Capillary 


proliferation was progressive, and by 57 
hours, the 
bed 

7 \fter the third 


growth, the vessels 


tumor conta 


ned a rich capillary 


day ot continued lateral 


within the central zone 


of the tumor wert 


first obstructed and then 
New vascular 


grew centrifugally 


obliterated anastomoses 


Histologic examination 


of tixed and stained sections showed the 


characteristic V2 carcinoma 


boli cells to es 


Che failure of e1 
tablish 
be related to their inability to attach securely 
to the : 


tumor 


metastasis in the ear chamber may 


endothelium and evoke the formation 
of a surrounding thrombus 


An outline is pre sented for the possible 


value of this new approach for the study of 


(a) the intimate mechanisms of lodgment, 


endothelial penetration, and growth = of 


blood-borne cancer cells and (b) the pre 


vention of hematogenous metastasis 

Set. | R. Chevalier Miss P. H. Mauk, and 
Miss E. L. Gallant technical assistance, Mr 
J. D. Allred and Set I 
cinephotomicrographic 1 nique, and 
Doe and Mr. | tichardson 


lustrations mer 


Curtis developed the 
Major A. H 
prepared the il 


prepared the dia 


I aborator Vv ot 


(15) 


Hospital, 


4 


Ad Boston 
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Slide-Chamber Method to Measure Sensitivity of Cells 


to Toxic Agents 


Applicat the Method to Normal 


ROBERT SCHREK, M.D., Hines, Hil. 


The disease o hron lymphocyti leuke 


mia provides ideal conditions for the in vitro 


study of therapeutic agents. Patients with 
ullal 


num 


Che 


in 


this disease are Je in sufficient 


bers in many hospitals and clinics 


cells ¢ 
adequate amounts and 


the 


leukemi in be readily obtained 


it frequent intervals 


without inconven of biopsy or 


d ire 


ences 


| he 


7 ; lit 
torn baci 


operative proc test specimens 


ate isolation and 


of 


are Im a 


obse 1 il the 


patient's 
of 


MICTOSCOple 
\dequate 


he rie rhe vous 


on 


cells control specimens 


be 


iddition, the in 


normal cells « obtained 


an 


without difficulty. In vitro 


and evalu 


the 


findings can be correlated with 


ated by objective criteria of patient’s 


response to the Sarre 
A method 1s | 


the sur 


therapeutic agent 


resented in this to 


papel 
il rates of normal and 


Phe 


an 


determine 


leukemic lymphocyte cytoxicity of a 


reagent to thes be measured 


quantitatively by this method 


Methods 


r method consists €s 


of tissue culture 


and methods tissue 


ds sterility, washing 


media.* 


was obtained from a 


erred 15 ml 


d 02 


cen 


~, 
0.2% 


to a 


trifuge tube whi mtaine ml. of a 


solution of to 50 units) in distilled 
water. The was placed in an upright 


June 11, 1958 


Laboratory, Research 


Submitted for publicatior 


the Tumor Researcl 
Veter 
by 

Nation 


Healt! S 


Fron 
ninistration Hospital 

(CY-2476 [C2]) 
Institute of the National 


Public Health Service 


service 
Aided 


from the 


grant 


Institutes of 


and Leukemic Human Lymphocytes 


position at O permit spontaneous sediment 


tion of the red } lood cells but not Bi the leukox ytes 


[he 


persons 


rapidity of sedimentation varied for different 


to OO minutes 
j 


uned, on 


tron 


Che turbid plasn ' 


was removed and cont microscopic exan 


and a_relativel 


and granulocytes 


} 
4 


ination, ivi 
all 
The 


plate le ts, 


sn number vthrocvtes 


success of od dependes 


on individualizati blood 


specimen without depending 
schedule. The plasma 


the 


con plete ly 


was cet 


five minutes, and supern: with its plat 


was removed precipitated cells 

} 1 gears +} liait) nd , 
were wasiic wice witl oOMUuo0n na esus 
" 


consisted of 
Difco 


trom a 


pended in ft < ned » \ icl 


199 solutior Labora 


equal 
tories nan 


ABO blood group as the 


serur 


blood 


The cells in suspension were counted 


thod described elsewhere 
added 


vrode 


unstained cell me 


mil. of was 0.8 mi. of an 


1000 in 7 


suspension eosil 


solution (1 solution) ; a drop 


is placed in a hemocytometer, and 
red blood cells 
unstained cells were considered viable, 
lhe red blood 
from the 
and 


flattened themse] 


the n 


the 


ixture W 


stained, unstained, und wert 


counted. The 
cells, dead cells 


and the stained 


be 


leukocytes 


readily differentiated unstained 


by tl 
Granulocytes frequently 


and 


could 


eir dark contour yellowis! 


color 


ves 


on the hemocytometer were sometimes difficult 


Phe 


necessitated the use 


blood 


isolat 


normal 
method * 


ittempt 


slow sedimentation rate of 


another for 

An 
Jago ‘ 
bt 


heparinized 


ot 


ing normal lymphocytes to follow 


unsuccessful 
by 


tour 


the method given by was 


Satisfactory results ined routinely 


blood 


five-minute intervals 


were 
normal for 


7 
a/ 


centrituging 


successive times at g tor 
with withdrawal of the plasma after each centrifu 
The 
for five minutes at 64x 
at 


gation cumulated plasma was centrifuged 


g and the resultant 
11l0x g. The 
twice with 


again 
centrifuged 


cells 


supernatant pre 


cipitated were washed Earle 


* The method was developed with the collabora 


tion of June Zerwekh 
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lution contaimmne | normal human seru 


ls were susper 1 in a mixture ot equ 


rC 199 and normal human serum ot 


} ] 


lood group as the cell In one experiment 


»f blood yielded |. of final 


Suspensio! 


contained in 1 pproximately 1500 | 


vtes, 1500 e1 
number « 


suspet 


let 
oT 


Ww asl ed 


d blood ce determinatiotr 


blood 


Earle 


was chopped 


group 


solution w fine sharp sci 


All nodes except were fibrotic 


good cellular suspensions. The suspension 


passed through a Seitz filter fitted with an 


Monel metal wire screen to remove clumps o 


er : - 
Che filtrate, which contained many isolated 


evtes and a small number of other cell 


centrifuged at 80 @ for five minutes. | he 


tated cells were w ished once and resuspendes 


LUnstained cell counts 


made to determine the numbers of vial 


50% normal human serum 


} | 
were ne and 


blood cells. Usually about 25% 


tes were dead and stainable witl 


lerived from blood or a lympl 


SO% 


The SUSPeTISION 


node was diluted witl normal human serum, 


to give about 1500 viable leukocytes per cub 


millimeter est reagent in suitable dilutions 


was added to aliquots of the cellular suspension 


and the mixtures used for slide preparations The 
l 


pH of the diluted ellular 


a Coleman pH electrometer 


suspension was 7.5 to 


8.0, as detern 
equipped with a ochamber. The sterility of the 
suspension wa checked by inoculation ot 


brain-he:z nfusi mediun 


ide Preparation 4 sterile cover glass, 50/5 


mm., was covered with the top of a Petri dish to 


prevent contamination and evaporation during the 


preparation of the slide. In the center of the cover 


plate, 1O« 40 «0.85 mm., 
in chametert A thin 
was drawn witl 


inside the hole o 


of the cellular suspension 


was placed insid he petrolatum ring, whicl 


revented ex : spreading or movement of the 
I 
Another glass, 43> 


lowered on tl suspensior 


fluid 50 mm., was gently 


Phe droy filled 


the petrolatur d the space between the two 


slips preparation was sé 


melted llow wax (beeswax) 


The cells im thie preparation settled rapidly 


lower cover glass und it was theretore neces 


ICTOSCOP wit! 
observation 
nicroscope W 


objective 


with the 
ctivity of the lis in the projected faln 


I 


Phe viable. 1 < the 


tact 


morphologi illy 


and unaltered. normal lymphocyte was 
had a broad 


a posterior ti | ! 1) Phe 


round or anterior pseudopod 


and nucleus 


was large, round oval, with prominent 


chromatin masses, some of which were at 


tached to the nuclear wall. Some nuclei 


had large, gray, irregularly shaped nucleoli 


The cytoplasm appeared sparse and dark 


gray, and small granules 


trequently a few 


Or mitochondria could be seen lhe cell 


and nuclear outlines were clearly visible. but 


the morphologic features and the contrast 


were somewhat soft and the cell and nu lear 


walls were not prominent The viable 


lymphocyte showed slow oscillating move 


ments which were conspicuous in time lapse 


cinemicrographic studies but were barely 


perceptible on direct microscopt observa 


tion. The lymphocyies from many patients 


vith chronic lymphocytic leukemia were 


fairly mature and similar in appearance to 


normal lymphocytes (Fig. 2). Immature 


cells were somewhat larger in size 


g chroma 


tin masses were fewer in number, and 


nucleoli were larger and more numerous 


The 


from the granulocyte and monocyte has been 


differentiation of the lymphocyte 


described by several investigators }** who 


have explored the use of phase microscopy 
in hematology. In this work the granulocyte 
was frequently recognized by its physiologic 
properties, such as 


motility, cytoplasmic 
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streaming, and a tendency to flatten itself 
on the glass surface. Some granulocytes did 
not show any of these properties but were 
recognized by their relatively large size, 
their finely or coarsely granular appearance, 
multilobed Che 
Hatten 
with the formation of a 
The 
the 


and an obscure nucleus 


monocyte also had a tendency to 


itself on the glass, 


peripheral undulating membrane 


monocyte was relatively and 


the 


large, 


nucleus did not have coarse Masses seen 


in the lymphex yt 


2.—Ly1 
from the blood of a pa 
tient with chronic lympho 
cvtic leukemia. The slice 
preparation was incubated 
for 219 Nearly 
all the well 
defined chro 


hig 


phocytes 


hours 
ells 
nuclei 
and nu¢ 

masses and are considered 
to be viable lymphocytes 
Two cells” witl 
intranuclear vacuoles and 
chromatin rings and 
other cells with large 
dark pyknotic nuclet 
considered dead 


have 
witl 


matin leolat 


large 
two 


ire 


Schrek 


SENSITIVITY OF CELLS 


Fig. | 
blood = « 
preparatio 
7 C for 


lapse 
films I 
round or 
lymphox 
granular 
sicle re | 
In the proye 
considerable 
er 
cyto 
but 
prob 
which 
death and 
Reduced about 


trom mag 1750 


nules 

nuclei are 
granulocytes 

have undergone 
karolysis 
10% 


The 


varied in appearance, depending on the type 


dead or degenerating lymphocyte 
and dosage of the reagents used 
of cell death 
work. One is death associated 
12 


Two types 


have been observed in this 


with intra 


nuclear vacuolation and lobulation and 


terminating in a cell with a pyknotic nucleus 
with or without fragmentation of the nu 
The death 
occurred in nonirradiated lymphocytes ( ig. 
> 


“). 


cleus (Fig. 3). same type of 


These changes are so drastic that this 


death can be readily recognized. 





Fig. 3 Leukemi-« 


lymphocytes irradiated 
with 1000 r and incubated 
11.2 hours Vhe 


trol nonirradiated cells of 


tor con 
this experiment are shown 


in Figure 2. Only one 


cell has retained its mor 
phologi characteristics 
viable lympho 

cells h 
vacuoles and 


Most of 


dark, 


and is 


cyte Four ave 


intranuclear 
chromatin rings 


the cells have struc 


tureless, pyknotic nuclet 


and a small amount of 


cytoplasm. In a few cells 


no nuclei can be made out, 
lvsis of the 


owing to 


pyknotic nuclei, as can be 


seen im the projected 


cinemicrographic film 


Phe 


Cave 


large cell wit! 


erythrocytes can be readily differentiated from 


other characteristics 


A second type of death has been called 


delayed fixation,’® which is a more subtle 


change in the cell and which may be some 
what difficult to recognize during viable cell 


counts. This process usually caused the cell 


to round up and the nucleus to undergo 


minor changes, such irregularities in 


ds 
shape or thickening of the nuclear wall and 
bilobed 4) 


nuclei (lig In time-lapse 


a clear center is a biconcave mac 


{RCOHIVES OF PATHOLOG) 


rocyte. In direct microscopic examination the bicon 


lymphocytes with intranuclear rings by color and 


cell killed 


fixation usually lacked rhythmic movements 


cinemicrographic films, the by 
The crucial feature of this type of death 
was that the fixed cells suffered postmortem 


changes, which included blurring or autoly 


sis of the nucleus and edema of the cyto 


plasm. In a few hours, the nucleus appeared 


to be small, dark, and structureless or was 


completely absent from the cell. Suspen 


Fig. 4 L 


ly mph cytes, 


eukemi< 
same as in 
and 3 
that these cells have been 
15,000 + 
and incubated for two and 
Many ot 


the nuclei are bilobed, 


Figures 2 except 


irradiated with 
one-half hours 
and 
nucleus has a large 
Although 


the cells appear mor 
the 


one 
vacuole most 
ot 
phologically intact, 


cells do not have any 


oscillatory movement in 
the projected film and the 
cells in a_ few hours 
autolytic 


Nearly all 


these cells are presumably 


underwent 


changes of 


dead by delayed fixation 
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sions derived frot 


1 lymph node usually 
contained a small percentage of cells which 
dead 

trauma duri 
As these 


dithcult to differentiat 


result of the 


the 


were hixatiot is a 


paration of sus 


pension fixed cells were somewhat 
cells, 


slick 


«les for two hours 


from viable 


it was advantageous to incubate the 


preparations of lymph ne 
before making a viable cell count 

Other authors h idied cell death by 
phase m Bessis* described cell 


death 


ICTOSCOD\ 


ated with iryolysis, pyknosis, 


ASSOK 
entation, cytoplasmic Vac 
Zollinger ** 


brilhant, 


cytoplast 
uolation 
at m4 ribe dl 


intern diate 


hanges 
death ssociated 


Muciecus 


with a 


neans 


mpho« tes rossing lin n the ocular 


were counted. | ne measured 0.0215 mm 


length with the 45 objective rhe 
" " 


lanical stagwe was equipped with a 


ipparent 

: I micrometer 
moved the tawve 0.5 mm 
A re 
] 


considere is one 


screw whicl on one rota 


tion of the screw tangular strip 0.02150.5 


mn was counting 


Usually « 


secutive 


irea tor 
cells in 20 con 
in a strip 0.0215X10 mm. The 


somewhat 


ounts were mace t the 
areas, 1. € 
cells is 
Utermohl * 


present method of ounting 


imilar t that described | 


tor count 


ng plankton 


Microscopic surveys of the slides indi 


cated, in general, satisfactory distribution 


cells. At the 
cells tended to be 


of the edge of the drop the 
| 


slightly concentrated, es 


pecially if the petrolatum ring small 


the effect of this irregularity in distribution, 


was 


for the size of the minimize 


drop 


the count was started about 1 mm. from the 
petrolatum 

Tests were made on the uniformity of the 
and on the and re 


distribution accuracy 


producibility of the counts. In a typical 
experiment with cells from a patient with 
chronic lymphocytic leukemia, the distribu 
tion was checked by counting the number 
consecutive areas in 
In Slides 1 and 2 the 


distributions seemed to be satisfactory, al 


of cells in each of 20 


three slides ( Table) 


Schrek 


tides and m 


md 3* 


though they were not analyzed statistically 


In Slide 3 the counts were somewhat it 


regular and variable and the distribution 


curve had two maxima. In three additional 


slides the total counts for the 20 
Phe average 


18.4 Phe 


individual count 


areas were 


obtained number of cells per 


area Was deviation of an 


} ‘rao 
IVOCT ays 


was 7.4%, and the maxi 


mum deviation was 20° for Slide 3 


I'rom the data that the slides had an 
average of 18.4 viable lymphocytes per area 
and that the thickness of the metal sepa 
rators and of the drop was O.88 mm., it 
was calculated that the suspension contained 
1900 viable lymphocytes per cubic milli 
meter. This determination compared favor 
ably with the original count of 1600 viable 
cells by the method of unstained cell counts. 
This the 


feasibility of using the proposed methods. 


and other studies demonstrated 

The slide preparations were counted daily 
to determine the number of viable lympho 
The 
was calculated, based on the original count 
as 100%. 


cytes percentage of surviving cells 
The results were graphed on 


Che 
typical experiment are presented in Figure 


semilogarithmic paper. results of a 
5, which shows the percentage of surviving 
cells in a suspension from a lymph node of 
a patient with chronic lymphocytic leukemia. 
Varying amounts of mechlorethamine hy 
drochloride had been added to the suspen- 
sion to give final dilutions of 0.3ug. to 
30ug. of mechlorethamine hydrochloride per 
The 10% survival 
time for normal lymphocytes was 6.8 days. 


milliliter of mixtures. 
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a Se Sen see 


DAYS OF INCUBATION 


Fig. 5 ffect of mechlorethamine hydrochloride 


(HNz), on the 


obtained fron 


survival curves of lymphocytes 


node of a patient wit! 


lymph 


chronic lymphocytic leukemia. The slide prepara 


tions contained 30u¢., 3ug., O3ug., and Oyug 


mechlorethamine hydrochloride per milliliter. The 


corresponding 10% survival times were 1.0, 2.4, 


5.8, and 6.8 days 


The cells treated with 3ug. of mechloretha 


g 
mine hydrochloride per milliliter of sus 
10% time of 2.4 


This dosage of mechlorethamine hy 


pension had a survival 
days 
drochloride caused an appreciable decrease 
in the survival time of the lymphocytes 
Prolonged microscopic observations and 
time-lapse cinemicrographic studies failed to 
show any mitotic divisions in the slide prep 
arations. The original cells sometimes un 
derwent both an increase in size and change 
in morphology, but they did not divide or 
increase in number. The slide preparations 


showed cell survival rather than cell culture 


Comment 


The objective of the present work was 


to develop a method to test the sensitivity 


of the lymphocytes from blood or lymph 


nodes of the individual patient with chronic 


lymphocytic leukemia to the therapeutic 
agent proposed for the patient. The method 
described in this paper permits such tests 
and also permits a comparison of the pa 
tient’s cells with normal lymphocytes with 


respect to sensitivity to the therapeutic 
The 
laboratory to 
leukemic and normal lymphocytes to x-rays 


agent. method is being used in this 


measure the sensitivity of 
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and radiomimetic agents. A report has been 
published '* on some of the early findings 
In addition to the quantitative measures 
of sensitivity, the slide preparations per 
mitted qualitative morphologic observations 
untreated, 


Direct 


on the behavior of treated and 
leukemic and normal, lymphocytes 
visual MAIcroscopic and time lapse cinemicro 
graphic studies were made to determine the 
appearance and the behavior of the cell be 
after cell Che 


were also useful in 


fore, during, and death 


ciemicrographic films 
teaching the recognition of viable cells and 
increased the accuracy of the viable cell 
counts. 

The terms “viable” and “dead” when ap 
pled to cells have different connotations to 
different biologists The bacteriologists con 
sider a bactertum as dead when it has lost 
its ability to form a colony on an agar plate 
broth." 


have adopted the 


or to produce visible growth in 


Some cytologists same 


definition for mammalian cells. For exam 


Puck Marcus ' 


tumor cell as one that can produce a macro 


ple, and defined a viable 
scopic colony in tissue culture 


Hoskins et al.‘ 


viable if it could produce a 


Similarly, 
considered a tumor cell as 
visible tumor 
in a completely susceptible host. These in 


vestigators used the ability of a cell to 


multiply indefinitely as the only final eri 
terion on viability 


Are these technical definitions of viability 


Rahn "! 


and death satisfactory ? pointed out 
that the ability to reproduce is an unusual 
criterion of death, but he defended the 
definition as a matter of necessity and con 
venience in testing for the death of bacteria. 


The 


since ability to reproduce is not used as a 


definition has to be limited to cells, 
criterion of viability of the whole animal. 


Even at the cellular level, the definition 
leads to difficulties and incongruous con 
clusions. For example, the neurones of the 
brain cannot multiply and have to be con 
sidered as dead, according to the definition. 


Kel 
dead 


Bacteriologists were surprised when 
. that 


as a result of exposure to ultraviolet irradi 


ner‘ found bacteria considered 


ation could regain their viability by exposure 
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to visible light. I*inally, it 


a “killed tun 


seems 


strange 


read that ior cell will still mul 


tiply several times, corresponding to four 


or five divisions The question arises as 


needed 
of 


to how many mitoses 


Che 


with 


SUCCESSIVE 


are 


to prove cell alive definition 


viability as synonymous limitless re 


producibility seems unusual, inappropriate, 
and limited in scope 
Tullis 


cus’s 


Mar 
non 
He implied that the loss 


and 
the 


could not use Puck 


definition of viability for 
dividing leukocyt 
ot phagocytosis motility, or any other func 


cell is a of He 
the staining 


tion of a loss viability 


criticized use of resistance to 


with eosin as a test of viability, since this 


faculty is one of the last be lost by the 


cell, Tullis seems viability with 


normal, 


to equate 


the physiologic state of a cell; i. e 
viability becomes synonymous with vitality 
or health 

\ more satisfactory approach to defini 
by Cameron,* who differ 


A cell 


\ iable 


tions was taken 
entiated between death and injury 


be 


clisease. 


or an animal—may considere4 


even if injury, differentiation, or 
aging caused the loss of such properties as 


the \l 


though no final definition can be given of 


motility of apacity to multiply 


reasonable 
if it 


viability or of life, it would be 


cell shows 


This 
the 


define a 
of 


to as dead only 


signs severe irreversible injury 


definition seems to be in accord with 


and Muller ® and could 
to 


views of Cameron 
a tumor cell, to 
The 


definition may, however, be difficult to apply 


be applied in principle 


a leukocyte, and to the intact animal 


in specific instances lhe difficulty can be 
circumvented by labeling a cell with a neu 
tral term as altered, defective, inactivated, 
or injured if there is any question whether 
an observed change means cell death. 

In the present study the counting of the 
“viable” lymphocytes presented two distinct 
of 
the other a question of observation. In this 


problems—one a question semantics and 


work it seemed reasonable to consider the 


violent morphological changes of intranu- 
and the subtle changes 


clear vacuolation 


called delayed fixation as signs of loss of 


Schrek 


S/ 


VSITIVITY OF CELLS 


lo of 


might be 


viability eliminate the question 


semantics it preferable to use a 


more objective phrase, such as “morpho 
logically intact and unaltered” 
This 


stresses 


lymphocyte 


descriptive but awkward phrase 


observation rather than arbitrary 
definitions 


1000 1 


lor example, irradiation with 
produced changes in 11.2 hours, so 


be 


intact lymphocytes (big. 3), 


that very few cells could recognized as 


while the non 


irradiated lymphocytes remained morpho 


21.9 


This finding can be 


logically unaltered after hours of 


(lig. 2) 


incubation 


retested this and other laboratories, and 


the 


in 
validity of this observation does not 
depend on terminology 

It may be concluded that the slide method 
proposed in this paper permits the qualita 
tive study of the morphologic changes pro 
duced by a reagent to normal and leukemic 
lymphocytes. It also permits the quantitative 
determination of the capacity of the reagent 


to produce morphologic changes 1n the cells 


Summary 


This 


quantitative method for studying the mor 


paper presents a qualitative and 


phologic effects of reagents to human 


lymphocytes obtained from normal persons 
and from patients with chronic lymphocytic 
leukemia. Lymphocytes from normal and 
blood of 


differential sedimentation and centrifugation 


leukemic were tsolated by means 


and suspended in 50¢ normal human serum. 
\ small number of granulocytes and other 
cells were also present in the suspensions, 
especially those derived from normal blood. 
Similar cellular suspensions were prepared 
human nodes removed for 


from lymph 


biopsy. The suspension with or without the 
reagent were put up in slide preparations 
which contained 0.2 ml. of suspension in the 
form of a thick drop. Morphologic changes 
induced by the reagents were studied by 
direct phase microscopy and by time-lapse 
With most 


morphologically intact and un 


cinemicrography. reagents, via 
ble, i. e 
altered, lymphocytes could be differentiated 


from dead lymphocytes and from other cells 


49 





by phase microscopy. The viable lympho 
cytes were counted daily in a measured area 
across the central part of the drop 


experiment, for example, leukemic lympho 


cytes from a lymph node had a 10 sur 


Che 


mechlorethamine hydrochloride to a concen 


vival time of 6.8 days addition of 


tration of 3ug. per milliliter of suspension 


reduced the 10% survival time to 2.4 days 
The slide method thus provides qualitative 
and quantitative data on the cytotoxicity of 


reagents to normal and leukemic lympho 


cytes 
Research Service 


Resear Laboratory, 


Administ 


lL umor 
Veterans’ ution Hospital 
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Cystic Teratomas of the Ovary 


ca and 


Pathological Analysis 


of Two Hundred Sixty-kight Tumors 


RAUL A. MARCIAL-ROJAS, M.D., and RUBEN MEDINA, M.D., San Juan, P. R. 


Although the 
dermoid cysts is grossly and microscopically 
most 


orphology of the ovarian 


well established, for clinicians a der 


still imphes an 


moid cyst ovarian cystic 


tumor containing large amounts of buttery 
| 


pultaceous material admixed with numerous 


hairs and occasionally presenting portions 


of bone or teeth Careful 
apalysis 


tumors frequently discloses numerous other 


histologic 


from different areas of these 


tissues derived from all primitive germ 


layers. This variety of tissues encountered 
very much obscures the boundaries between 
these tumors and those of the teratoma 
group 

Only a few well-documented series of 
dermoid cysts of the ovary have been pub 
lished. The two largest series are those of 
Koucky,' in 1925, and of Blackwell et al.,? 
in 1946. 


Clinic; the 


Both reports are from the Mayo 
former is a complete clinical 
100 dermoids, 


225 


and pathologic analysis of 


and the latter, a clinical analysis of 
tumors, with pathologic studies of 100 of 
Blackwell et al 


the work of 


them. make no mention of 


Koucky, so one is unable to 
determine if there is some overlapping in 
the cases analyzed Most of the other papers 
published on the subject have been for the 
most part based on the study of single cases 
or small series of cases.*® 
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Pathology, University of 


Oncologic 


Puerto 


The wealth of material at the Department 
of Pathology of the University of Puerto 
Rico School of Medicine, School of Trop 
ical Medicine, coupled with our feeling that 
a review of a large series of dermoids 
might provide some valuable information 
regarding their histopathology, clinical 
manifestations, and incidence of malignant 
degeneration, motivated us to undertake the 


present study 


Materials and Methods 


From 1953, 


1940 to 


were 


48,316 


microscopically ex 


inclusive, surgical 


specimens grossly and 
Pathology of the 


Medicine, of 


amined at the Department of 
University of Puerto Rico School of 
which 32,000 (68%) belonged to female patients 
Of the latter, 2796 (8.5%) contained ovarian tissue 


these, 417 


were encountered, 


Among primary tumors of the ovary 
which 268 dermoid cysts 


collected The 


from 
belonging to 229 patients were 
clinical history of all the patients was analyzed, and 
at least two sections of each tumor were studied 
microscopically. These were routinely stained with 
hematoxylin and eosin. Special stains and methods 
were used to demonstrate some components in the 
tumors, such as mucus, bone, et 


Incidence 


Dermoid cysts make up a considerable 
proportion of the neoplasms of the ovary. 
Their incidence is usually stated to be from 
5% to 10% of all ovarian tumors‘; how- 
ever, there are several large series in which 
their 


34% 8 


53.5%, 


incidence varies between 5% and 


The 


which is the highest recorded in the 


incidence in this series was 
literature. Our series is also the largest one 
so far reported. 

The 
either ovary. 


tumors show no predilection for 
In 17% of the 229 cases the 
and St. 


Hill ® state that their bilaterality varies from 


tumor was bilateral. Quinland 
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10% -40 


They were encountered in pa 
tients of 


all ages lhe youngest patient in 
the group was 3 and the oldest, 77 years of 
age. Of the 


were 


tumors in this series, 86.4 


encountered in patients 
ages of 11 and 50 years 


greatest 


between the 
Phe refore, the 
incidence 


was during the 


reproductive life of the patient. It 


active 


is the 
opinion of most authors that those tumors 


found after the menopause had their origin 


before the termination of ovarian activity 


dermoid cyst, showing 
hair and pultaceous ma 


terial 


IRCHIVES OF PATHOLOG) 


Fig. 1.—Usual 


dermoid cyst 


appearance 


Gross Appearance 


he shape of most of these tumors was 
globular, but not infrequently they 
The wall was 
parchment-like, smooth, and glistening and 


had prominent superficial blood vessels. The 


were 
ovoid and even pyriform. 


color in the great majority was white, often 
with yellowish areas imparted through the 
wall by the contents. When there was tor 
sion of the pedicle with infarction, the wall 


was red and hemorrhagic. 





CYSTIC TERATOMAS 


Fig. 3 Dermoid, 


} 


showing two well-formed 


molars 


soft and cystic im 


| he 


mediately after excision, but later on their 


tumors were 


doughy and semisolid at 


Phe 


according to the presence of bone, cartilage, 


contents became 


room temperature consistency varied 
teeth, or calcification of the wall 

The contents were oily, pultaceous, and 
of 
At 


inner surface there usually protruded a ses 


chick skin 


admixed with masses hair and fre 


quently teeth and bon a point in 


sile mass covered with and on 


Marcial-Rojas—Medina 


the 


section disclosing beneath, well developed 
adipose tissue with occasional bone or teeth. 
The the 


usually smooth, as in 


remainder of inner lining was 


serous or pseudo 


mucinous cytomas, but occasionally gran 
Most 
latter had marked thickening of the wall by 
of 


ular, shaggy, and ulcerated. of the 


fibrosis and hyalinization, with areas 


calcification 
The color of the hair bore no relation to 


the age or to the color of the patient’s hair 


Fig. 4 Ulceration 
calcification of 


dermoid cyst 


wall of 


and 





In this teeth encountered in 


26% of the 


series were 


Cases. 


They usually resemble 


adult molars, but occasionally, incisors 


Most of these were found embedded in the 
wall of a rudimentary bony structure closely 
and only 


simulating mandible or maxilla 


rarely were lying free in the cavity of the 


cyst, 


Fig. 6 section tron 
mammilla, showing hair 
follicles and sebaceous 
and apocrine glan Is ; 


80 


{RCHIVES OF PATHOLOG) 


Fig. 5 Dermoid 
with hemorrhagic in 


tion due to torsior 


Che size of the tumors varied from 9 mn 


(the smallest) to 29 em. (the largest) in 


transverse diameter. The average size was 


7.9 cm., and they seldom attained a size 


larger than 17 cm. No definite relationship 
could be established between the size of the 


tumor and the age of the patient 
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CYSTIC TERATOMAS 


Fig 7 Respirato 
epithelium with submuco 
sal glands formir 


wall of a bronchus: 


Microscopic Examination 


At least two sections of cach tumor were 


examined 
microscopic study revealed numerous struc 
tures and tissues by far 
than expected from the 
Che germ 


in the great majority of the tumors 


gross 


appearance. 


three layers were represented 


Kctodermal structures were universally 


encountered, as 100% of the tumors showed 


areas of stratified squamous epithelium 


Marcial-Rojas—Medina 


histologically \s a rule the 


greater in number 


lining the cyst. This was difficult to recog 


nize in those tumors with hemorrhagic in 


farction or severe inflammation secondary 


to ulceration, but when several sections 


were taken at random it was always demon 


strated. 


Sebaceous glands were abundantly present 


in 98% of the tumors They are un 


doubtedly responsible for the sebaceous con 


tents of these cysts In 96% hair follicles 


were seen. Sweat glands were present in 


Fig 8 Respiratory 
epithelium 


adenoid-like 


reduced about 10% 


covering an 

structure ; 
from 
mag x 0. 





75%, and apocrine ones, 52% of these 


series 


Structures pertaining to the central 


nervous system were frequently en 


countered. Brain tissue was evident in 41% 


of the group. It is of interest to mention 


Chyroid tissue 


Fig. 10 


in dermoid: 80 


{IRCHIVES OF PATHOLOGY 


Fig. 9.—Structure re 


sembling epiglottis ; & 80 


that the presence of cerebral tissue could 


hardly be predicted in gross examination 
Many 


made of 


times the lining of the cyst was 


a narrow band of cerebral cortex 


Kpendymal epithelium was encountered in 


19% of the 


tumors and in 6% of them 








CYSTIC TERATOMAS OF OV. 


Fig. 11 


torming a 


Smooth muscle 
well-delimited 
mass appearing like a leo 
reduced about 10% 


SO 


mvoma ; 


trom mag 


well-ce veloped choroid plexus. 


tissue was found in 2%, and structures re 
sembling retina, in 1% 

rhirty-eight per cent of the group had 
peripheral nerve fibers, and twenty-two per 
cent, ganglionated cells. 

Mesodermal 


and occurred in 92% of the tumors. Smooth 


derivatives were frequent 


muscle was usually found in the form of 


e 


) 
A! 


. t = ~~ 4 Fig. 12 
4 -< , almost pathognomonic of 
, > “dermoid cyst peritonitis”; 
> 
> 


reduced about 5% from mag 


Varcial-Rojas—M edina 


Cerebellar 


bundles near the skin appendages, mostly 


hair follicles, or as a support to gastroin 


testinal or tracheobronchial epithelium. It 


was found as such in 92% of the cysts. 


One of the tumors had a localized mass of 
smooth muscle in the wall, practically ful 
filling the criteria of a leiomyoma. Striated 


muscle was never seen 


Sieve-like areas 


x0 
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Fig t Cerebral tis 
sue; reduced about 5% 
from mag. X 360 


Bone was present in 35%, and slightly Structures derived from endoderm were 


more than one-third of these contained well- encountered in 72% of the cases. Serous 
formed bone marrow. Cartilage was mucous glands appeared in 11%, and gas 
evident in 22%. trointestinal epithelium, in 13% of the 


Fig. 14.—Cerebellar tis- 
sue; reduced about 5% 


from mag. X 80 
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plexus; X 80 


group. Respiratory epithelium was found 
in 48% 


cartilage, 


and frequently associated with 


smooth muscle, and bronchial 


glands in an attempt to form a bronchus 


In 7% of the lesions thyroid tissue was 


evident. In some of them tt was found in 


Varcial-Rojas—Medina 


moderate abundance, but never in quanti 
ties large enough to detect it in the gross 
examination 


Ulceration of the lining of the cyst was 


rather frequently encountered. Forty-three 


per cent of these lesions showed partial or 


Fig 16.—Ependymal 
lined cavity ; 300 
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Fig. 17.—Intraepithelial 


carcinoma in dermoid 


cyst: 360 


big 18 Invasive epi- 
dermoid carcinoma aris- 


ing in dermoid; X 80 





CYSTIC TERATOMAS OF OVARY 
complete ulceration with chronic inflamma 
tion. The latter is characterized by lympho 


cytes, numerous foreign-body giant cells, 
foamy macrophages, and areas of granula 
Most of 
many sieve-like areas in the wall formed by 
flattened the 


extended into the adjacent peritoneum and 


tion tissue these also revealed 


giant cells In some process 


peritoneal fat, producing a granulomatous 
reaction simulating tuberculosis.’ In two 
cases such diagnosis was erroneously made 
this 


histologically It seems to us that 


granulomatous type ot reaction described 


is almost pathognon onic of dermoid cysts 


Analysis of Presenting Complaint 


\ tedious search was made to analyze 
the records of all patients concerning their 


This 
Additional in 


complaint 
plishe d 


} 


presenting Salis 


Was 


fac tor ily 


accor 


formation regarding menstrual 


history, 


parity, abnormalities of menstruation, and 


associated pelvic pathologic conditions was 
so fragmentary that could not be adequately 
evaluated 


The 


an be 


presenting symptoms in our 


series 


readily su arized It can also be 


safely stated that the symptoms asso iated 


with dermoid cysts of the ovary have no 


differential value 


7I0 


diagnosti 


Of the vatients with dermoid cysts 


of the ovary, 190 had dull pain in the lower 


abdomen. with or without a sensation ot 


fullness and pressure symptoms, mostly 
manifested by fr 
all these 

Phe ary 


encountered incidentally at 


equency in urination. In 


patients a iss Was palpable 


irian dermoids of 13 patients were 


exploratory 


laparotomy These were usually small o1 


associated with leiomvomata of the uterus 


[Twenty-six patients were admitted with 


1 diagnosis in acute abdominal catas 


trophe In all of them a twisted dermoid 


eyst with \ iryving degrees of hemorrhagic 


infarction was encountered 


Complications 
The 


plication in our series was that of torsion 


most frequently encountered com 


Marcial-Rojas—Medina 


and hemorrhagic infarction 
10% of the 


clinically as an acute abdominal emergency 


It occurred in 


cases and was manifested 


This surgical problem was easily recogniz 
able in all the cases, but the exact type of 


ovarian pathology could not be diagnosed 
the 


trom symptomatology No mortality 


was encountered for this complication in 


our series, and all the patients recovered 
Che 


hemorrhage is essentially the same as for 


incidence as to age of torsion and 


the general group of dermoid cysts 


Malignant degeneration is the most 


dreaded complication of cystic ovarian 


teratomas. There were six instances in our 


series, for an incidence of 2.2%. Four of 


the Cases were truly Invasive 


epidermoid 


carcinomas, one was an_ intraepithelial 


cancer, and the other 


was a malignant 


melanoma. The latter represents the third 
authenticated primary ovarian melanoma re 


ported in the literature."! 
A rather infrequent complication, only 
encountered in three cases In Our series, 1S 


labeled as 


It represents a peculiar 


one which should be 


“dermoid 
cyst peritonitis.” 


granulomatous inflammatory process pro 


voked by the contents of the cyst. Owing 
to the ulceration of the inner lining and 
rarely to rupture of the wall of the cyst, 
there is seepage of the pultaceous contents 
of the into the 


cyst wall and adjacent tis 


tues. This material produces a granulom 
atous type of inflammatory process which 
sometimes has been confused with tubercu 
lous peritonitis or it may even mimic metas 


tatic carcinoma.'* In two of our cases it 
was originally diagnosed microscopically 


as tuberculous peritonitis 


Comment 
The 


analy sis of 268 dermoid cysts of the ovarv 


present clinical and 


pathologic 


has provided us with several interesting 
facts about their incidence, histopathologic 
structure, and complications 

The incidence of these tumors varied in 


to 34% of all 


series revealed a 


previous reports from 5% 


Varian neoplasms. Our 


O8/ 





We should 


not consider this an absolute figure, but 


much higher incidence, 53.5%. 


merely one of temporary geographical con 
sequences. The population of Puerto Rico 
is a very young one when compared with 
that of the lack in 


of malignant tumors 


United States, so we 


these series our share 


of the ovary, which are by far more fre 


quent in the sixth and seventh decades 


With life 


40 years in 1930 to 68 years in 1956, our 


increase of average span, from 


population in the near future will attain 
the same average age as that of the United 
States, and in all probability the incidence 
of the different types of ovarian neoplasms 
will be the same in both countries. 

It is clearly evident from this analysis 
that dermoia cysts of the ovary exhibit by 
far a much greater multiplicity of deriva 
tives of the different primitive germ layers 


W e are 


incidence of endodermal and meso 


than implied by their name 


that the 


sure 


dermal derivatives in these tumors will 


100% if 


from 


closely approximate numerous 


different areas of 


this, 


sections are taken 


the tumor Because of dermoid cysts 
should be referred to as teratoid cysts OF 
cystic teratomas to differentiate them from 
the solid ovarian teratomas 

Che most frequent complication of cystic 
teratomas in this group was that of torsion 
Malignant de 
of the 
Counsellor and Wellbrock,'* in 1934, 
found 7 cases of epidermoid carcinoma out 
total of 


ind hemorrhagic infarction 
generation was encountered in 2.2% 
Cases 
of a 408 dermoids surgically re 
1.7%. This 


that of John 


moved at the Mavo Clinic. or 
hgure corresponds’ with 


Miller, in a 


dermoid cysts 


review of 1268 


One of us (R, A, M-R.) has 


collective 


had the opportunity to see and study eight 


—_ 


instances of invasive epidermoid carcinomas 
arising in dermoid cysts of the ovary. These 
are going to be the subject of a 


communication, '* 


here the importance of careful study of the 


We 


sionally seen small areas of thickening re 


wall of all teratoid cysts have occa 


sembling compressed fibrotic ovarian tissue 


58 


separate 


but we want to emphasize 


A. M. A. ARCHIVES OF PATHOLOG) 


which microscopically has proven to be 
epidermoid cancer. Also areas of hyaliniza 
tion with ulceration may disclose invasive 
should 


thick 


squamous-cell carcinoma. Sections 


be obtained from all these areas of 
ening 

Other malignant tumors may develop in 
teratoid cysts. There is an authenticated 
primary malignant melanoma in this group. 
We have not seen carcinoid tumors, but a 


\ pri 


a dermoid 


group of them have been reported 
mary leiomyosarcoma arising in 
in a case of bilateral dermoid cysts is soon 


to be reported by one of us." 


Summary and Conclusions 


A clinical and pathologic analysis of 268 
dermoid cysts of the ovary from 229 pa 
tients is attempted 
tumors in 


The high incidence of these 


our series, 53.5%, can be explained on the 
basis of the very young population existent 
in Puerto Rico at the present tims 

In 17% of the 


bilateral 


cases the tumor was 


Of the tumors, 86.4% were encountered 


in patients between the ages of eleven and 
fifty vears 

The tumors did not show any predile 
tion for either Ovary 

The average size was 7.9 cm, in diameter 

Ketodermal derivatives were universally 


encountered. Endodermal derivatives 


seen in 72%. 


were 


and mesodermal ones, in 


92% of the cases 
If more than taken 


two sections are 


from the cysts, in all probability the inci 


dence of both mesodermal and endodermal 
derivatives will closely approximate 1006¢ 

Because of the obvious composition of 
most of these tumors from the three primi 
tive germ layers, they should be labeled as 
“teratoid cysts,” or better “cystic tera 
tomas.” 

Malignant degeneration, usually in_ the 
form of epidermoid cancer, was encountered 
in 2.2% of our cases 

It is apparent that the symptomatology 
of most of these tumors is far from being 


diagnostic of the condition 





CYSTIC TERATOMAS OF OVARY 


Kemoval of the cysts is the treatment 


recommended, especially in view of a 10% 
torsion and hemorrhagic in 


and 2 2% 


incidence of 
incidence of the 


fatal 


farction more 


dreaded and usually malignant de 


generation of these cysts 


REFERENCES 
Dermoids: A Study 
81:821, 1925 


Masson, 


Dermoid Cysts of the 


1. Koucky, | ) 
of 100 Consecutive Cases, Ann 
2. Blackwell, W Dockerty, M. D.; 

1. C., and Mussey. R. D 
Ovary | and Pathologi 
Am. |. Obst. & Gynec. 51:151, 1946 
3. Sutton, |. B.: Mammae in Ovarian Dermoids, 


$37, 1888 


(Ovarian 


Surg 


Pheir Clim Significance, 


Path. So ondon 39 
Morular Ovarian Neoplasms 
Cysts \ 
luding the Report of a Case, 


114, and 146, 1918 


Studies on 


Luckins 


n Dermoid Brief 


] 


For 
Rep 


Tumour 


leratoma, Guy *s Hosp 


ind Alban, E. L., Jr 


w of 82 Cases, J. Internat 


and Obstetrical 


NorK al 


d Endocrine Relations, 


V edina 


Ed. 2, Philadelphia, W. B 
1947, p. 427 

8. Herbut, P. A.: Gynecological and Obstetrical 
Philadelphia, Lea & 


Saunders Company, 


Pathology, Febiger 


503 


1953, p 


9. QOuinland, W. S., St. Hill, | 
Teratoma (Dermoid Cyst) of 
52 Cases, South. M. J. 40:908, 1947 


10. Odle, S. G., 


and 
Ovary 
Peri 


and Rosenburg, S. A 


tonitis, Simulating Tuberculous Peritonitis, Due t 


Rupture of Dermoid Cyst of the Ovary, An 
Pract. 2 :686, 1948 

11. Marcial-Rojas, R A.. and Rar 
Arellano, G. A.: Malignant Mel: 


a Dermoid Cyst of 


noma 


the Ovary: Report 
Cancer 9:523, 1956 

12. Quer, | \ Dockerty, M. B., 
Cc. W Dermoid 
Simulating Abdominal Carcinomatosis 
Pro« Meet. Mayo Clin. 26:489, 1951 
13. Marcial-Rojas, R. A.: Unpublished data 
and Wellbrock, W. L. A 
Squamous Cell Epitheliomas in Dermoid Cysts of 
the Ovary, Am. |. Obst. & Gynec. 28:40, 1934 

15. Miller, J.: Die rankheiten des 


in Handbuch der 


Mayo, 


Ruptured Cyst of the Ovary 
Report ot 


Case, Staft 


14. Counseller, V. S., 


Eierstockes 
Ana 
Henke and P 


1937, Vol. 7, 


speziellen pathologischen 
tomie und histologie, edited by | 
Lubarsch, 


Pt. 3, p 


Berlin, Springer-Verlag 


697 





Intramural Fibroma of the Myocardium 


NORMAN lL. KRUEGER, M.D., Mason City, lowa, and WILLIAM V. KNOLL, M.D., Brainerd, Minn. 


Introduction 


Although primary neoplasms of the heart 
are rare, the increasing number of reported 
cases is apparently commensurate with the 
increasing interest in congenital heart dis 
ease. One of these rare types of primary 


tumor of the heart is the intramural 


fibroma. Several have been reported in the 


American literature, and a few described 


in the European literature 


One of the earliest recorded tumors of 


was described by Colombo, in 
Mahaim ! 
polypoid 


Stout,” 


the heart 
1559, cited by 


both 


this tumor was 


fibrous and Clerici and 


Teuscher, cited by reviewing the 


subject, found cardiac tumors predomi 


nantly benign and true fibromas infrequent 


In a more recent review, Prichard* sep 


arated intramural fibromas of the heart 


from polypoid fibromas and fibromatous 


lesions of the valves—-the distinction being 


made because the latter occasionally occur 


as a result of infectious valvular disorders 


or attached thrombus material. The litera 


ture reveals that the majority of intramural 


Submitted for publication June 11, 1958 
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Fibromas Rep 


fbromas have been found in children 


( Table), 


unexpectedly, 


that death occurs suddenly and 


and that the diagnosis is 
made only at 


The add a 


case to those already reported in the litera 


necropsy 
purpose of this paper is to 
ture and to summarize current beliefs con 


cerning this unusual entity 


Report of Case 


A white girl of 4 years, while watching television 
with other members of the family, suddenly col 
$8 hours she had 


seemed well except for symptoms of a mild respira 


lapsed. During the 


previous 


tory infection. The child was dead on arrival at 


the hospital! room several minutes after 


her collapse at home 


emergency 


In retrospect, a review of her history revealed 


health had 


had been seen two years previously by a physician, 


that her been considered good. She 


whose findings on physical examination and labora 


tory studies had been within normal range except 


for a slight anemia, which was not treated 


Gross Autopsy Findings 


well-developed, — well 
length and 40 Ib. in 


significant 


disclosed a 
nourished girl 100 cm. in 
Although the most 


wa present in the 


Autopsy 


weight pathology 


heart, the following general 


tt imterest: The skin was moderatel 


notic, and the teeth, somewhat carious Phe 


brain was edematous, weighing 1575 gen The 


hut gs were congested and edematous, the con 


wted m the Literature 


Age of Patient Location of Turnor 
M Left ventricle 
k Interventricular septum 


Infant Left ventricle 
2'4 yr Left ventrick 
15 mo Left ventricl 
5 mo Left ventricle 
3 days Left ventricle 
4 yr Interventricular septum 
& left ventricle 
4yr F Left ventricle 


7 mo Left ventricle 








INTRAMURAL FIBROMA OF MYOCARDI( 


Fig 
tumor 


the matt 


the tumor 


und eosil 


15% fror 


Krueger 


Bisected left ventricular wall, showing 


Fibrous tissue 
component ot 

Hematoxylin 
reduced about 


mag x 250 


Knoll 


VM 


bined weight being 310 gm. Each pleural space 
contained 3 cc. of serous fluid. Two small 
anomalous lobes were united to the right lobe of 
the liver, the entire organ weighing 650 gm 
Marked lymphoid hyperplasia was observed in 
the wall of the cecum 

The pericardial sac contained 15 cc. of amber 
fluid. The enlarged heart, bulging in its left 
lateroposterior aspect, presented an egg-shaped 
contour and weighed 114 gm. Bisection of the 
left ventricular wall disclosed a solitary, gray-white, 
oblong tumor mass involving almost the entire 


structure (Fig. 1). The mass measured 7 cm. in 


the direction of the cardiac axis and 2.6 by 2.5 cm. 


in the opposite planes. The tumor caused a bulging 
contour which extended, in part, cephalad to the 
atrioventricular groove. There was no definite 
capsule. In some regions, the growth was sharply 


demarcated, and in others, blended into cardiac 





muscle tissue Che elastic in 
knife, 


a faintly dis 


tumor was hrm, 


consistency, and definitely resistant to the 
surface with 


The 
j 


revealed no 


bulging above the cut 


cernible whorled pattern heart valves and 


great vessels further pathologi 


changes 
Vicroscopic Autopsy Findings 
Histologically, the tumor revealed large 
areas of fibroblasts with  well-stained 
spindle-shaped nuclei and eosinophilic cyto 


plasm (Fig. 2). Collagen fibers intertwined 


Within 


this fibrous tissue component were isolated 


with fibroblasts were also common, 


muscle cells, as well as larger patches of 
Such 


the periphery of 


myocardial tissue (Fig. 3). tissue 


was more frequent along 


the tumor 


A. M. A. ARCHIVES OF PATHOLOG) 


Special stains demonstrated cross stria 
tions of the pale tissue adjacent to these 


myocardial fibers and also elastic fibers. 


Occasional foci of calcification were noted 
in the fibrous structure. Blood vessels were 
few and frequently slit-like in outline. 

\t the periphery of the tumor, the ad 
jacent myocardial fibers were often nar 


rowed as if by pressure atrophy. 


Occasionally finger-like projections of the 


fibrous tumor extended into the adjacent 


myocardium, as described by Symeonidis 
and Linzbach.* The tumor was completely 


separate from the endocardial and epi 


cardial surfaces 


Fig. 3 


tumor to 


Relation of 
cardiac mus le 
fibers Phosphotungstic 
acid hematoxylin: re 
about 15% 


250 


duced from 





INTRAMURAL FIBROMA OF MYO( 


Che liver presented histologic evidence 


of chronic passive congestion; the lungs 


contained numerous pigment-laden macro 


phages and the eosinophilic coagulum of 


edema 


Inatomic Diagnosis 


he anatomic diagnosis was primary in 
left ventricle with 


tramural fibroma of the 


acute congestive heart failure 


Comment 


sO) called 


yocardium 1s 


The etiology of the intramural 


fibroma of the obscure 


Stout = has pointed out that the heart is an 
organ of mesothelial derivation and that all 


of the undoubted tumors are composed of 


derivatives of this tissue Both earlier and 


present writers have designated this lesion 


hamartoma of interstitial tissue of the 


Mahaim,! in 
sive monograph, propos« da classification of 
gral pro] 


based 


is a 


ventricular wall his exten 


fibromas mainly on gross appear 


ance 


An explanation for the presence of 


1sO 


lated cardiac muscle fibers deep within the 


tumor mass 1s a subject 


for speculation 


libromas of visceral organs may contain 


muscle fibers, according to Ewing.* Bige 


low et al.‘ have considered the tumor to be 


an enlarging 


proliferating mass and the 


isolated muscle fibers within an inherent 


constituent of the neoplasm because of the 
McCue 


recently 


primitive appearance of the latter 


and his 


stated 


colleagues * have more 


that this type of fibroma is one of 


the two kinds of congenital rhabdomyoma 


Summary 


The myocardial fibroma is a tumor which 


ipparently is of a congenital type, affecting 


{RDIUM 


the left ventricle or interventricular septum 
It is almost invariably fatal in the first few 
life (Table) 


N. W 


years of 


121 Third St 
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The Prognostic Implications of Vascular Invasion in 


Primary Carcinomas of the Lung 


A Clinicopathologic Correlation of 


Hundred Per Cent Follow-Up 


1 wo 


Hundred Twenty-Five Cases with One 


FRED C. COLLIER, M.D.; HORATIO T. ENTERLINE; ROBERT H. KYLE; THEODORE T. TRISTAN, and 


ROY GREENING, Philadelphia 


The rapid and unique rise in frequency 
of primary pulmonary carcinoma over the 


past three decades and the apparent rela 


8,12-14,28-30,38 


tionship to cigarette smoking 
70.71.8 has made this neoplasm a subject of 


great interest and debate. The reality of this 


significant increase, early shown by 


* has been chal 


19,32,78 


Rosahn ® and Simpson,™ 


lenged by some workers but sus 


tained by numerous confirmatory studies.*° 
56,62,65,66,08 

Despite advances in thoracic surgery as 
sociated with increasingly lower operative 
mortality, the end-results of therapy in car 
cinoma of the lung have been discouraging. 
survival have 
10% 


survival rates for operable cases have been, 


The over-all five-year rates 


c 


ranged from 7% to The five-year 


of course, considerably better but are still 
poor, ranging from 22% to 27.8% .10:16.25.24 
58,45,51,58.58 None the less, many long-term 
survivors have been reported.**-44,55.63 
24,36,64 


alike 


have been forced to regard factors influen 


Pathologists and _ clinicians 
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ing survival as somewhat cryptic, for while 
some patients are apparently cured of their 
tumors after resection, other patients with 
tumors of the same histologic type, often 
less extensive, have gone on to death from 


With 


this in mind, the workers in this laboratory 


carcinoma within the five-year period 


have searched for a common denominator 
which could be recognized from a study of 
the surgically excised lesions in order to 
offer the surgeon a more accurate prognosis 
than that afforded on the bases usually em 
ployed, namely, size, extent, and histologi 
type 

A review of the cases of lung carcinoma 
resected at the Hospital of the University 
of Pennsylvania confirms the observation 
that the 


by others undifferentiated car 


cinomas are uniformly associated with a 
Beyond this, however, un 


Kirklin et al 


logic evaluation on the basis of morphologic 


poor prognosis 
like the findings of histo 
type and degree of differentiation was not 


associated in our hands with 


a predictable 
and high correlation as to prognosis in any 
given case. Similarly, the size of the lesion 
did not always correlate with prognosis, a 


been emphasized by 


11,63 


feature which has 
Coman and others 

It has long been recognized that malignant 
neoplasms effect distant metastases via the 
blood stream in the form of tumor emboli, 
which have a particular predilection for the 
Such blood 


usual 


pulmonary vascular tree. 


stream metastases have, as their 


genesis, vascular invasion at the site of the 


primary neoplasm. The diagnostic im 





PROGNOSTIC IMPLICATIONS OF |] 


portance of vascular violation by cancer of 


the thyroid was pointed out by Graham *7 


and Warren," and its prognostic significance 
has been repeatedly emphasized by Warren 
and Meissner.**7 lhe prognostic impact 


of vascular invasion in carcinoma of the 
colon has been well documented by Fisher 
this 


subject is being carried out by Adamson.* 


and Turnbull.'* Extensive work on 


Pool and Dunlop *' have studied the effects 
of vascular invasion in cancer of the breast, 
colon, stomach, and rectum, as evidenced by 
tumor cells in the peripheral blood 

Che 
invasion by primary pulmonary carcinoma 
able to Wolf’s 
study,** of 1895, in which a carcinoma of 
the 


first recorded evidence of vascular 


which we were find is in 


main-stem bronchus invaded the right 
Marcus,** 


he interpreted as 


pulmonary vein and left 
in 1917, 


neoplastic cells in the peripheral blood of a 


atrium 


reported what 


patient with proved bronchogenic carcinoma. 
Over the years, there have been many re 
corded instances of blood vessel invasion by 


primary pulmonary neoplasm.**:*.%.20-22,45,60 


Liebow's ® classic demonstrations of pul 


monary vascular channels, shunts, and com 


munications, 


coupled with Batson’s *® work 


on spinovertebral veins, dramatized the po 


tential cataclysm to the human organism 


following pulmonary vascular invasion by 


tumor. Despite these observations, no con 


certed emphasis has been placed upon the 
vascular invasion potential of primary lung 
cancer as a means of estimating prognosis 
lherefore, we have instituted the study to 
be described 


Methods and Material 


lwo hundred twenty-six cases of resected pri 


iry pulmonary ns operated upon at the 
Hospital ot the \ \ yt 
November, Dec. 31, 


Complete was 


Pennsylvania from 


1939, unti 1955, were studied 


follow-up obtained on all cases 
Che clinical and pathologic data of all patients were 


McBee 


Che pathologi ala re 


reviewed and incorporated on standard 


“Keysort” punch cards 


corded included size and location of the tumor. 


histologic type, involvement of lymph nodes, free 


dom of lines of resection from tumor, and evidence 


of blood vessel invasion. In general, the sections 


wr ¢ta 


ASCULAR INVASION 


levels of the lines of 


blocks of 


uninvolved 


studied included several 


resection, representative tumor, and 


randon sections of grossly lung, plus 


multiple levels of resected lymph nodes. In only 


one case was the histologic material no longer 


available 


Following the suggestions of Warren witl 


regard to the total number of sections to be 


evaluated for vascular invasion in suspected cases 


three blocks of tumor which were recut and stained 


by the Verhoeff-Van 


ot carcinoma of the 


Gieson technique or one of its 


thyroid, we routinely selected 


modifications Establishment of the histologi 


was most frequently done on the basis of 


ty pe 


routine hematoxylin and eosin stains, but at times 
valuable 


Schiff 


special stains proved helpful. Particularly 
were the Alcian blue and 
(P. A. S.),™ the Alciar 
lotchkiss and McManus 
Mallory’s 


and Gomori’s trichrome stain.” 


periodic acid 
Feulgen,™ the 


Mayer's 


acid 


blue and 
stain,* mucl 


carmine,* phosphotungstic hema 
toxylin stain,” 


The 


work 


classification of tumors employed in this 


conforms whenever possible to the recom 


mendations of the Symposium on Endemiology ot 


the Lung’ and the classification offered 


= | 


Cancer of 
by Liebow vit modified in respect to cylindro 
matous carcinoma by the findings of Enterline and 
Schoenberg We reluctantly adhere to the term, 
“bronchial adenoma,” because of usage, recognizing, 
" 


with others,” the malignant potential of this tumor 


All of the histologic mate rial on all of the tumor 


reviewed independently by two of us 
and H. T. E.), 
with special emphasis being placed on a search for 
We agreed that the criteria 


a blood vessel must 


cases Was 


who are pathologists (1 { ( 


blood vessel invasion 


for tumor invasion of include 


demonstration of either direct growth of tumor 


through the entire media and intima of a vessel or 


demonstration of a histologic relationship of tumor 


within a vessel lumen to the wall of the vessel 


at some point. Thus, tumor within the media alone 


was not considered as invading the given vessel, 


11 


nor were loose tumor cells within the lumina ac 


cepted as representing invasion because of possible 
Meiss 


must be in a vessel and look as 


confusion with artifacts. As expressed by 


ner,” the “tumor 
Independent agreement on 


blood 


was reached in 97.4% of the cases 


if it is at home there 


the presence ol absence of vessel invasion 


Results 


The incidence of the various tumor types 
in the 226 resected primary pulmonary neo 
plasms is seen in Table 1. Over half of the 
cases available for study were classified as 
squamous-cell carcinomas, a finding similar 
to most other reported series. We regarded 
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Types in 225 
Tumors 


f Tumor 
226 Resected 
Primary Male 
Squamous 
Adenocar« 
Undifferent 
Mixed 


Bronct 


11 
nom } 
ate« 


inor 


Carcinoid 


Cylir 


tumors 
of both 


those 
showing significant Yrombinations 
adenoid and epidermoid elements but with 
to 


as mixed 


carcinomas only 


no clear evidence unilateral histo 


as 
Chis parallels earlier observations 
Legg \s stressed by McGrath, 
Gall, and Kessler *® 


genesis 


made by 


and others,” if enough 


TABLE 2—Con 1 of Frequency Different 


I 
Auth 


Olson 
Koletsk y 
Hollingswortt 
Moritz 
Dunga 
Reingold et 
McDonald et 
Doll & H 
Banker 


Collier et 


levels of most adenocarcinomas are studied, 


areas of squamous metaplasia will be seen 


Such cases occasional foci of 


with only 
squamous metaplasia were not classified as 


mixed tumors, a term reserved in our hands 


for those tumors in which the pattern of 


growth was fairly evenly divided into 


squamous and glandular patterns 
Che 


lower 


fact that the present series shows a 
undifferentiated 


5,14,15,31 


of cat 


36,44,52 


percentage 
than do most 
Table 2 


reflection 


cinomas other 


57.62 series )} is perhaps best in 


terpreted as a of the exacting 


criteria by which we defined undifferentiated 
carcinoma. Many poorly differentiated car 


cinomas, when subjected to the Mayer “ 
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otal Cases 


V {RCHIVES OF} 


PATHOLOG) 


mucicarmine the Alcian blue *** 


technique showed evidence of mucin produc 


stain or 
tion within individual tumor cells and were 
classified as adenocarcinomas. An occasional 
poorly differentiated epidermoid carcinoma 


be 
phosphotungstic 


could recognized for what it was only 


after acid-hematoxylin 


41 


stains *' made clear the intercellular bridges 


lable 3 indicates the incidence of vasculat 


invasion in the different types of tumors, 


and, as can be seen, vascular Invasion more 
or less parallels the degree of dedifferentia 


tion of the primary pulmonary neoplasm 


hus all of the undifferentiated carcinomas 


evidenced vascular invasion. The bronchiolat 


carcinomas, regarded in general as relatively 


well-differentiated carcinomas, showed evi 


dence of vascular invasion in only slightly 


over one-half of the Cases; however. the 


Hist yt é ! vera 


Ry presentatizv. 


Tumor Types, 


Undifferentiated Squamous-C¢ 


Studied Carcinoma Adenocarcinoma Carcinoma 


24 43 
") 
42 


~) 


19 


42 
3.3 
13 


5 
Db» 
»¢ 


number of cases of this type, in this series, 
is small 


Of the first 225 patients with resected 


primary lung cancers, 100 were operated 


upon sufficiently remotely to afford oppor 


tunity for five-year follow-up. Of these 


Incidenc: 
Tumor Type m 225 


Blood Vessel Invasion 
, 


Patient 


Tumor Type Incidence 


Cylindromatous carcinoma 
Carcinoid adenoma 
hiolar 

cell 
Adenocarcinoma 
Mixed 


Undifferentiated 


Bron 


squamous carcinoma 


carcinoma 





VOSTIC IMPLICATIONS OF | 
mpar 1 ve-Year Survival with 
Invasion im inety-Three Patients 


LOO died 


5 more died within the first 


cases, 2 within the first 


patients 
24 hours, whik 
month and wert 
Although 


in five-year survival of patients with vary 


ilso classified as operative 


deaths there were differences 


ing histologic types (Table 4), in general, 


the correlation between histologic types and 
survival was not evident, except that none 


of the seven patients with undifferentiated 


carcinoma survived five years 


However, a sharp disparity exists be 


tween the survival rate of those patients 


whose tumors had invaded blood vessels and 
whose tumors were not as 


those patients 


sociated with blood vessel invasion. As seen 
in Table 5, the 


the total 


striking difference between 
number of five-year survivors in 
the group showing vascular invasion and 
those in the group in which vascular inva 
sion was not demonstrated begins to become 
apparent at the end of the first year after 
\ second observation which can 
lable is that 


practically 


operation 


be made from this survival 


at three years 1s identical to 
survival at five years. 
total of 93 followed for 


Of a patients 


more than five years after operation, 61 


Paste 6.—I ncidenc Vascular Invasion by 


fge Groups 


Angio- Invasive 


Carcinomas, 


71.4 
61 


ASCULAR INVASION 


TABLE 5 Lung Tum 


Year | “ l’'p m Ninety-Three Pa 


(94%) of 65 patients with vascular inva 


sion were dead within five vears, while only 


$ (28%) of 28 patients without vascular 
invasion failed to survive this period 


| he blood 


showed with the age of the 


incidence of vessel invasion 
no correlation 


(Table 6) 


Over half of the 


patient 


total number of cases 
with blood vessel invasion also had regional 
involvement. Conversely, of 


lymph node 


those patients whose regional nodes were 
involved by tumor, over three-quarters also 
showed vascular invasion. It is possible that 
were more sections available for study, 


vascular invasion could have been demon 
strated in additional cases, and, therefore, 
accounted for some of the deaths in the 
patients in whom vascular invasion was not 
found 

Of the resected patients who subsequently 
expired, 30 came to autopsy at this hospital 
or elsewhere. The sections from each of the 
autopsies were reviewed, and in 19 of the 
metastatic was 


30 patients carcinoma 


present. In all but two of these patients, 
vascular invasion had been demonstrated in 
the surgically excised specimens. Of the 11 
patients without autopsy evidence of meta 
static disease, 6 showed vascular invasion 
in the surgical specimen but none survived 
longer than seven weeks postoperatively. 
Indeed, five of the six patients were classi- 
fied as operative deaths. These early deaths 
defy estimation of the probability of metas 
tasis had survival been longer. 

The obviously grave prognosis associated 
with vascular invasion prompted a further 
search into the group in which vascular in 


vasion was not observed to see if there were 
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account for the 


mi rht 


{ 
~ 
le 


tactors that 


of 25° of this g 


itteT group 


twenty-eight cases in whom vascular inva 


sion was not found 


of extension beyond the gross confines of 


the primary tumor. Such evidence consisted 


of the presence Ot tumor in the line of re 


section, the demonstration at operation of 


invasion of intrathoracic structures other 


than the lung, or invasion of regional lymph 


node Subtraction of these 12 cases from 


the 28 cases in which vascular invasion was 


not tound left 16 patients with tumor, 


which we have designated as tumors which 


were purely localized 
It should be stressed that the term “purely 


localized in this presentation, 1s not em 


ployed in the usual sense wherein a localized 


tumor is used as a synonym for a small 


resectable tumor removed at an operation 


regarded as a curative procedure. We re 


serve the term “purely localized” for those 


tumors which were not found by the sur 


geon at the time of operation to be asso 


ciated with Invasion of intrathoraci 


structures other than the lung, where radio 


logic studies failed to demonstrate the 


presence of tumor in sites other than the 


primary lesion ind most important, mn 


those in which after complete evaluation by 


the pathologist the lines of resection were 


free of tumor 


regional nodes were not in 


volved ind vascular imvasion was not 


Kmploying these strict criteria, as 


lable 7, 16 cases fell 


rather strict category In 


present 


seen 1M into this 


these 16 cases 
death within 


there was only 1] 


940 


hive years, a 


hve-vear survival rate 


Comment 


Itisa 


the smaller and 


axim in oncology that in general 


localized the malig 


more 


more amenable it is to effective 


nancy, the 


therapy. We take no issue with this general 


ization. Thus Gibbon et al.** have empha 


sized pulmonary confinement as the most 


important single factor mediating favorable 


prognosis. We would agree that confine 


ment determines Moreover, 


prov S1 
pt INO 1s 


SOR 


demise 


Cwelve of the 


showed other evidence 


A. ARCHIVES OF PATHOLOG) 


nving Resection of Tumors 


Pasre 7.—Survival | 
j Twenty 


Without Angto-Invasion in 
kight Patients 


Extent of 


Not localized 


Purely localized 


blo «] 


determinant of 


vessel invasion is the most important 


“confinement,” since, in ad 


dition to being occult, it constitutes the 


major pathway for metastasis. Since, as a 


result of this study, blood vessel invasion 
has seemed 


so important in the determina 


tion of the prognosis, the burden of proof 


that no vascular invasion is present is on 


blocks 


additional 


the pathologist. Thus if the initial 


do not show vascular invasion, 


sections should be submitted until the pa 


thologist is reasonably certain that further 
blood 


studies would not show vessel inva 


sion 


In experimental cancer, as well as in 


human cancer, no constant relationship can 


be demonstrated between the size of the 


primary neoplasm and the number of metas 


tases.™.*! These observations were con 


firmed in a corollary manner by this present 


study. in which no constant correlation 


could be found between the size of the 


tumor and the presence Or absence of 


invasion. Sixty per cent of tumors 
10 «x 
and the same incidence was found in those 


200 1500 ce 


Vas ular 


than showed vascular invasion, 


less 


tumors ranging from while 


82% of tumors in the range from 11-200 c 


were associated with vascular invasion. It 


should be emphasized, again, that the 


property of vascular invasion could not be 


demonstrated as being dependent upon thx 
~o called 
the individual lung cancer 

Although the 


vascular 


oentral or peripheral location of 


present study points to 


invasion as a_ most important 


criterion affecting prognosis in any given 


case of resected lung cancer, the question 
of what induces vascular invasion in one 
another is not 


that 


tumor and prevents it in 


answered It is only possible to state 
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1S( 


possesses to invade 


ht be 


growth 


the ability which a tumor 


vascular structures n regarded as 


Ig 


representing ncre potential, 


ise 


since those tumors invading blood vessels 


more malignant than those 
Phe 


which f 


ire biologi ally 


which do not ilternate possibility is 


that a tumor uls to invade vascular 


structures fails to do so because ot some 


present in the host which increases 


factor | 


the host resistance. It cannot be shown that 


host resistance 1s dependent on age or that 
malignant potential is dependent upon size, 
the undifferentiated 


the 


location. or except in 


carcinomas histologic type; hence, 


stimuli for, or factors influencing, vascular 


ire still undetermined 


invasion 


Statistical Evaluation 


It is patently not possible in a study of 


this adequately to control all variables 


sort 


absolute 


there can be 
The 


the observations of vascular invasion 1s such 


to the pomt where 


nature of 


predictability of accuracy 


errors would always be errors of 


false 


that the 


exclusion rather than of inclusion 


Since adequate control observations cannot 
test for errors of exclu 


be made. the only 


sion must rest in autopsy study of patients 
whose tumors were sampled incident to the 
project Therefore, of the 30 autopsy pa 
tients whose surgical resected tumors were 
11 showing no residual tumor 
little 


Of 19 who showed autopsy 


studied, the 


at time of autopsy are of benefit to 
the present test 
evidence of tumor, all but 2 showed evi 
dence of vascular invasion by tumor in the 


lhe 


vascular 


surgical reasons most 


Spe men 


for missing invasion in 


apropos 


these two mens are two lirst, there 


Spec 


may have been failure to select the proper 


block 


was evidence 


Second, even though at autopsy there 
of blood vessel invasion, such 
evidence may not have existed at the time of 
surgery and tumor may have invaded vas 
cular structures directly from areas of 
lymphogenous metastasis. Assuming that the 
second factor did not obtain, we were in 
terested in testing the bias of sample based 


on the 95% confidence interval of the ratio 


Hihter et al 


{IR INI 


1ISTON 


of negative surgically resected specimens to 


positive autopsy material 


Obviously, in such a small series as 19 
the confidence interval is 


the 


autopsy patients, 
a 


proportion of 


great—1 to however, were same 


negative surgical specimens 


to positive autopsy specimens extended to 


1000 positive autopsies, the interval is 9 to 


13 


Testing the hypothesis that there wer 


differences in the vascular 


the 


no significant 


invasive ibility of different types of 


primary pulmonary cancers was effected by 


treating the tumors as samples from a 


lieu of an inde 


0.72 


binomial distribution. In 
pendent estimate ot 
the invasion, as 
lable 3 all the 
lung tumors studied showed vascular 
s1on lable 8) 


In Table 5 


whose tumors invaded blood vessels is con 


probability, 


Was 


used as probability tor 


shown in where 75% of 


inva 


the survival of patients 


trasted with the survival of those whose 


tumors were not associated with vascular 


invasion. Statistical evaluation, effected by 


treating the tumors as samples from a bi 


nomial distribution, was predicated on 


rejecting the hypothesis that there were no 
differences in survival between the invasive 
lable 9). 


and noninvasive tumors ( 


TABLE 


with 

Blood Total 
Vessel Cc 
Studied 


Probabili 
of at 


Most 


ases 
Invasion 


rumor type r), No n 


C ylindromatous 0.280 


carcinoma 
Carcinoid adenoma 0.000 
Bronchiolar 0.168 

carcinoma 
Epidermoid 116 0.056 
carcinoma using 120 
Adenocarcinoma 49 0.993 
Mixed carcinoma 12 0.981 
Undifferentiated 28 1.000 


carcinoma 


indicate either that three 
of the 
sampling 


* Small probabilities, as shown here, 
difference in 


that 


is a significant vascular invasive ability 


different 


occurred 


tumor types or + rare event in has 
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Differences m Survival 


Total 
Cases 


, Ne 


Blood Vessel Invasior n 


* In lieu of an independent estimate of probability, 


ill cases sampled at the stated time intervals 


arncl the 


Small probab 


lifference in survival between the + groups are 


Estimation of the practical application of 


this study to future studies of individual 


patients with resected lung cancer is im 


portant in the light of the statistical sig 


nificance of the correlation of prognosis 


with vascular invasion. Such estimation is 


predicated on the validity of sampling and 
the adequacy of sampling. In the present 
work, since the number of samples neces 


War 


for 


sary was unknown, we adhered to 


ren’s statement regarding sampling 


blood vessel invasion in thyroid cancers, in 
which he cited work that three blocks were 


adequate 


In the present data, the only controls 


available for analysis for adequacy of 


sampling are in the autopsy series, in which 


: , —— 2 , 
vascular invasion was found in 23 surgical 


specimens. In two additional cases there 


is autopsy evidence of metastasis by vascular 
that 


vasion was missed because of inadequacy 


invasion. Assuming the vascular in 


of sampling, the percentage of false nega 


tive observations was 8% in this small 


series. Extending this observation to cover 
the 225 patients studied herein, the 95% 
to 13 


assuming the maximum in false negatives 


confidence interval is 5 Therefore, 


compounded by the maximum in the con 


Paste 10.—Stattstica 


Significanc. 
and Those 


Survivors 


Extent of Tumor 


Not localized 
Purely localized 


the probability for the computation was bas« 
ities, 


in Survival Between Patients 


with I 


{IRCHIVES OF PATHOLOG) 


ind Noninvasive Tumors * 


Probability of at Most r 


3 yr 


0.000 
10 


lon the percentage of survivors of 


as shown in the blood vessel invasion + group, indicate that the 


of statistical significance 


15% 
lung cancers will not show blood vessel 
the of 


79) 
42 


fidence interval, a minimum of ot 


> 


invasion, when 13% 1s 


added 


cancers mm 


maximum 
of all 


which blood 


to the resected lung 


vessel invasion was 


obser ed 


Summary 


6 


The clinical and pathological data on 22 
consecutive resected lung carcinomas were 
studied 

Che 
prognosis was found to be the presence or 
Only 6% 


of patients whose tumors had invaded blood 


\ 100% follow-up was obtained 


most important factor influencing 


absence of blood vessel invasion 


vessels were alive at the end of five years 


77 


while 72% of patients whose tumors were 


not associated with vascular invasion sur 


vived five or more years 

By rigidly limiting the term “undifferen 
tiated carcinoma” to those malignant 
epithelial tumors in which differentiation im 
any known direction cannot be shown and 
by utilizing histochemical techniques to re 
veal occult evidence of differentiation, we 
considerably reduced the percentage of un 
No pa 
tient with an undifferentiated carcinoma so 


All of the 


differentiated tumors in this series 


defined survived for five years. 


with Not Localized 


vcalized Cancers 


r), No Probability of at Most r 


3 yr 3 yr 


0.044 
0.999 


* This Table, set up in much the same fashion as Table 9, with the data analyzed by the same technique, may be interpreted as 


showing the statistical significance in the survival between the two groups of patients 


localized cancer 
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those with not localized and those with purely 


Vol. 66, Oct., 1958 





PROGNOSTIC IMPLICATIONS OF VASCUIL 


tumors in this group were associated with 


vascular invasion—usually of striking de 


gree 


be considered localized 
f there is no « 


he 


tactors 


Tumors ¢: as 


vidence of extension of 
the 


} 


only 


tumor bevond t confines of 


Che 


localized include p 


primary 


site excluding a tumor as 


eri- or parapulmonary in 
in the lines of resection, and 
The 
frequently missed excluding factor is vas 


Phe 


strict adherence of 


vasion, tumor 


tumor in regional lymph nodes most 


cular invasion importance of accurate 
the term 
the 94% 


tumor 


definition and 


“localized tumor” is manifest in 


1 


five-vear survival of patients with a 


so designated 


Statistical evaluations of the data and 


presented 


t 
ibama Medi 


conclusions 
| 
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